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higher Plantations began to combine’ such cases they have frequently 


their protection levees, and these grew in the expenditure of funds 


into a system of levee districts which 
were chartered by the several states. 
These levee districts are political subdi- 
visions that-can raise taxes and expend 


funds. They do not always happen to 


mutual protection Now thi 
States is bearing almost all the 
of flood control in the lower Miussis 
Valley. 

\l 


The alluvial valley of the lower \ 





fit in with the physical situations with  sippi is composed of five major bas 


However, in’ which are the logical parts to cons 





respect to flood control. 
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flood protection pont or view hales ol 


of these basins Is a mayor water 


some of 


which can serve for local drain tion 


There must be outlets for local protect them 


ve, and each basin has such an of wealth by 


either into the Mississippi itself the establishment 


the Gulf of Mexico. These basins and even weal! 
St. Francis Basin in Missouri — flow 


territory 
rkansas, the Yazoo Basin in Mis 


incentive toward 
the Tensas Basin in Arkansas waters 
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TREATMENT * SAND BOTLS 
NEAR Borpt ON 


‘\ 


d Louisiana, the Atchafalaya Basin in Nature | 
ouisiana and the Pontchartrain Basin 

Louisiana. 

The alluvial lands in Missouri, Arkan 
ws and Mississippi are used mostly for 


las brought about The 
valley by successive ce posits tron 
flows When ove rflows were 


vented, eael vear 
land elevation The spilling of 
tton In Louisiana sugar as well as out of the river channel caused 


‘ 
ton 


is grown. It is worthy of note deposits close to the river 
it the fertile soil of the alluvial valley at 
roduces a long staple cotton which is 
perior to the cotton grown on hill 
ds and brings a higher price. The 


channhe 
a distance from the river beea 


where the current was first cheeked the 


deposit was greater this way the 
river banks grew higher than the genera 
i of these lands is also greater per elevation of the valley When leve 

an that of hill lands. The fact were located they were 


Ss possible to raise as much as two on the hig! 


+ 


naturally Dpiat 


est ground, and tf] 


i s ! 
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near to the channel! This has an 
age since all the local drainage 
iway from the levee toward in 
tributaries which ultimately 


into the main river or into the 


deposit from overflow water 1s 
t and 1s very Tertile After each 
w the land usually produces 
better crops than it has produced 


not subjected TO overtiow and silt 








posit. The Mississipp al vii SISSIPpP Ry 
rtile that in general it has not suffered within its cha 


om lack ot productive capacity Thi eonstrueted o7 
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‘the case partly because no portion of are located becaus 
‘has up to this time been entirely pro construction would cost 
ted from overflows for long periods of the values protected 


this Nl IS 


However, in recent vears some of of levees witl 


ands have begun to show deteriora- many difficulties on accom 


cause they have been protected ture of the earth and the founda 
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tered, but these difficulties must 
reome with the materials at hand 
is stated above. the use of ar 
material is too expensive to be 
ssible 
earth which serves as foundations 
levee is the same alluvial ma 
that forms the body ot the levee 
rue that this varies somewhat. 
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it IS anv too vood It may 
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nad will not bear PXCeSSIVE welgcht TO percolate ll? 
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mes levees when built to the up on the land 


desired—from twenty to thirty gerous if the 


vill sink on the foundations. This transport mater 


De accompanied by the rising ol a process W1l. Soo! 
ear by or there may be no indica the leves 


t all where the levee material goes course cause the 
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1 waters loose over 
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this underground percolation 
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h to preclude fast enough mov 
to transport material. This is pro 
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enough. And the base always has 
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Ton 
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This is a bubbling up of 
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Th 
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vater rises 
sand boil 


locities. This is accomplished by 


the levee thick enough and broad 


at the base to mneclose the re 


solnetTimes sloug! 
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RI 


be plastered with sand-bags placed as 
emergency measure. If the sliding is 
» bad it may be necessary to construct 

eine rene loop around the bad place These 
is must necessarily be an improvised Their cons 
bstitute levee made with sand-bags or Millions 
rth held up with lumber 


scraped 1] 
The surest way to prevent accidents is dikes. The 


the levee high enough and broad is about a 


to preclude dangerous percola- the greater 


eepage or sloughing. But musk on 


d other small animals may bore 
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FLOATING CONCRETE MIXER 


VA *S EDGE AND 40 FEET ABOVI 


that most of the length requires only the 
raising and enlargement of the = old 
levees. Ilowever, these are being made 
almost twice as large as they have been 
In addition, in many places entirely new 
levees are being constructed 

When levees were first built the work 
was done by hand labor with picks and 
shovels and wheelbarrows. As they grew 
larger mule teams and serapers were 
used. This levee construction was re- 
quired to be carried up in layers two or 
three feet thick. Mules walking over the 
materials placed packed each layer and 
this resulted in the best kind of levee 
Later mule and seraper work was sup 
planted by machinery because the 
amounts of earth to be moved were too 
great to be handled except by machinery 
within the time required and at the cost 
permitted. Machine work probably does 
not produce a levee equal in quality to 
the old levees but the inereased size of 
modern levees more than compensates 
for any possible loss in quality. 


Now that such enormous quantities of 
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I oating clam shells have a vi ry 


dig the earth with a elam shell 
et, swing it over the levee and dump 
place. These require a ditch with 
deep 
the specifications do not permit 
a ditch too close to the toe of the 


these machines must have a very 


¢ boom. Even with the longest boom 


as vet been devised, some of the 


al must be handled twice and this 


SeS the cost 
er machines consist of 


back of the levee and a 
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in a levee section just in 
esired. This results in materia 
out of the section paid ror 
actual vardage paid for may 
re than an equal amount of vard 
ced by a dry method 
Mississippi River perpetually rocesses of 
through its valley makes its own t is expedient 
It scours at places and «ce 
it other places, depending upor 
ocity of the water and the way in 


the current Impinges upon. the 











CONCRETE MAT-SINKING 


AND SUPERS 


inks. In coneave bends the banks are crete mats. Thi 
mtinually crumbling away, while on water, lying o 
nvex banks depositing processes are river to prevent 
ving on. Thus the river gradually Above the ma 


anges its shape and location wander conerete or stone 


4 through the ages Trom one side ot away ol the bar k above The OV 
the alluvial valley to the other side line Mats StaVv ll vood conditio 


here is no such thing as a permanent thing like eighty vears; ther 


pe tity .’ a 
xed location of the river for all time. erable durability then 


is Moving process and caving away of they are much more expensive 
KS periodically destroys levees lo- foot of river than levees, and 
ted alongside up and down the river this reason 

COS like buildings in cities must be moved back 

nsidered of limited life A levee is the river bank 
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NEW ORLEANS RIVER DISTRIC'1 
LA OF ONCRET IA SSEs 0 
i 
A willow mat is made of young willow draulic jet until it slopes ba: 
trees having a diameter of from one to water line with a stable slop: () 
three inches. These are bound together eraded bank either coneret 
- 5 : : . i sIDD 
into a fascine or bundle from ten to six- stone paving on a gravel bas 


teen inches in diameter. The fascines 
are tied together side by side with wire 
cable and poles until a mat is formed 
1.000 feet long and 300 feet 


This construction is accomplished by a 


some wide. 
plant specially designed for the purpose. 
The mat is woven continuously on barges 
placed perpendicular to the bank of the 
river. <As the the 
mat is slid into the water where it floats 


weaving progresses 


alongside the bank. After a mat is com- 
pleted it lies floating alongside the bank 
1.000 feet of leneth. Then 
loaded with placed 


for bank 


barges stone are 


alongside the mat. The stone is thrown 
on top of the mat and as the mattress 
Thus 
it is loaded with stone until it rests on 
the bottom. 
place in the shape of the bed and under- 
water bank of the river below low-water 


sinks the stone barges float over it. 
seing flexible it sinks into 
line. 


After a mattress is in place the bank 
above is graded either by hand or by hy- 


to the top of the natural b 


river. The levee line may — 
either immediately on the hig! 
the river or from five to ter 


from the actual bank. 
When 


available for mattress work bee 


ol 


the supply youl 
come scarce, a flexible conerete 
devised which costs about the s 
willow mat and serves the sam 
There of 


tresses in use. 


are two types cone! 


(One 1s COM pos 


foreed conerete slabs one foot 





feet in size tied together 

with butt joints. The ot 
consists of larger conerete s 
feet by eleven feet, overlapp 
other in shingle fashion and 
together with wire These 
mattresses are formed on bare 
the wiring together of slabs 
Krom the barge the mat is 
into the water and _ sinks 


weight. A concrete mattress Is 
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line perpendiculs 
Like the willow ia 
mats are flexible 
the under-water 
he river 
rreatest bank caving Is caused by 
< under the low-water | 
The weight of eart 
ses the higher bank to drop i 
If the mattresses protect 
ter bank and extend wel 
‘r this scouring under 
ted. Of course ther 
bove low-water line 
v small compared to huge mass« 
‘dropping into the river from un 
ter seour. 
etment such as is deseribed is used 
tical points on the river to protect 
ines where it Is inexpedient to 
back these lines. At places towns 
ties are located on the river banks 


these places the moving back of 


sis impracticable. Greenville, Mis 


pi, is on the bank of the river and 


ee must be and is protected by sey 
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MOORING 


BARGES 


XN, MISSISSIPPI OCTOBER 


located 
river. 


Improvements are 
the 
there 


and = other 
banks of 
1927 


harbor 


on the 
After the 
usual seour in 


very 
flood of 
the 
settlement of 


Was Ul- 
followed by 
serious docks. 


New 


this 


expensive 
repair mats were placed to stop 
and revet- 


levees 


the 
ments for flood control purposes, a spill- 


In addition to 
Way is being constructed above New Or- 
leans to let out from the main river suf 
ficient water to reduce the amount that 
can possibly pass that city down to a 

that 
This spillway is located at Bon- 


quantity Can pass with absolute 
safety. 
net Carre, about twenty miles above New 
Orleans It consists of a masonry sill 
and movable dam 7,700 feet long and a 
the 
water can flow in safety to Lake Pont- 


The 


dam can be removed when stages become 


floodway within which discharged 


chartrain where it will be harmless. 


excessive. Thus enough water will be 
permitted to escape to reduce the water 
in the main channel to the amount con- 
sidered safe. The floodway stream will 


be over a mile wide and from ten to fif 


teen feet deep, flowing at velocities of 


from two to three and one half feet per 
second. This is of course a large river 
in itself. The main river at this point is 
wide and from sixty to one hundred feet 
deep It flows at velocities of from five 


to seven feet per second The main river 


is about five times as large 
as the spillway 

The adopted flood control p 
the alluvial valley of the Mississ 
vides for the expenditure by 
States of $325.000,000 This 
ture is to be made over a pet 
vears. It is contemplated 
completion the adopted project 
tect the 
against the maximum flood pi 

While the greater p 

area is to be thus protected 
the 


greater values to be protected 


greater part of 


possible 


cially are parts that 


ters of population and con 
more important than areas alo 
After the pending annual 
$35.000.000 bee) 
there will have been spent abo 
000,000 toward the contemplat 
tion. At that 
any flood reasonably probablk 


Already al 


tional protection has been afl 


has 


tion 


time protectio! 


been completed. 
the work of the government. D 
spring of 1929 one of the hig! 
ever recorded passed safely 
river into the gulf without a « 
The fact that 1 
no disaster caused this flood t 


the main river. 


noticed by the general publu 
flood that 
without 


ereatest ever pass 


CreVasses 


the valley 


ous damages 
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that thev re presel 1 
vovernment se 


yf flood control two vei 
system already construct 
s material evidence of the @ 
enterprise and determination ol 


le who live alo ow The banks ol 
ntv stream The whole world 
know of the dikes of Holland 


the tenacious courage and in 
] 


e industry of the Dutch peopl 


lay when the proper literary 
r +] 


comes along the story of tl 


‘ 


ilong the Mississippi will find its — hae from 
the vision of the world to the — reservoirs 


isting credit of the people of the — straighteni 
wer valley Means are 
s well for all to know that the fed be careful 
cision as te 


ernment has never set its hand to 


( 


ntrol of floods in the valley of the be used, and 


lississippi as much as it did less than ire In position 

ears ago While it did in the past question were 
ern itself to some extent with floods reservoir quest 
voted itselt primarily to the ques rive ru el 
navigation. It gave assistance to straightening 
building, but the bulk of that work we ean 


s been done by the loeal people The Our hope 


levee isfactorily 


not 


government’s activities in 


ng were first induced by the belief — that require 


to confine the flood waters to the as physical 


would increase its depth and s Economical 
ve its low water condition as re , ‘vee S\ stern 
rds navigation. In the long run that 


may be correct, though men may 


conditions 
reservolrs j 


to wait over a long period before capacity by the 
results become very apparent Of these thre 
s the belief of many of the best in 1) and 

ed that the levees along the main not being 
the river have reached the ulti solved. | 
eight to which they should be 
The failure of a high levee in 


low as regards ha 


economical metho 


the real problen 


les greater disaster than that of a 


The denser population behind a 
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connection with flood-scour of channel 
beds, is that while the flood surface rose 
16 feet, the flood bed deepened 1? feet: 
that is, the scour was over two and a 


half times the rise! 


EXAMPLES OF INTERMONT TROUGHS AND 
BASINS 

A typieal and valleyless intermont 
trough-plain, from 10 to 30 miles across 
and containing several playas, is found 
in southeasternmost Arizona, where it is 
known as Sulphur Springs Valley. It 
is somewhat irregularly bounded on the 
east and west by mountain ranges of 
moderate height, believed to be up- 
faulted blocks, in which numerous val- 
levs have been elaborately eroded; but 
there are practically no valleys on the 
plain itself through all its length of over 
90 miles. As one travels along its 
smooth surface, the even horizon ap 
pears to recede as it does at sea. In- 
deed, the curvature of the earth seems 
to be recognizable there by the appear- 
ance of distant cottonwood trees or 
ranch windmills over the even skyline, 
before the ground below them comes 
into sight. The nearly level surface is 
crossed near its north and south ends 
by two lines of the Southern Pacific 
Railway, which run in long, straight-line 
tangents. The broad surface of this 
plain is better covered with grassy herb 
age than is the case with more desert 
plains farther west. Its general features 
have been well described in a study of its 
ground-water supply.’ 

Far to the west in the subhumid eli- 
mate of southern California, a fine ex- 
ample of a well-enclosed oval intramont 
basin, in contrast to a long intermont 
trough, is furnished by San Fernando 
‘Valley .’ next northwest of Los Angeles. 
It measures about 25 miles east and west 
by 12 or 15 miles across, and is sur- 
rounded by mountains of moderate or 

200. E. Meinzer and F. C. Kelton, ‘‘ Geology 
and Water Resources of Sulphur Spring Valley, 
Ariz.,’’ U. S. Geol. Surv. Water-supply Paper 
No. 320, 1913. 


small height on all sides 
narrow openings: one on tl 
Which is blocked by heavy det 
from the higher mountains o1 
and the other on the southeast 
mains open The mountan 
usual, well dissected by tru 
erosion, but all the valleys 
mountain base line, where their 
are continued forward on one 
another of the laterally confi 
trital fans of low gradient, all 


merge in the central plain of 


floor. The mountains on the nort 


higher than the others, their far 


largest and they push the cent: 


to an eccentric position near t! 


ern, lower range: and. the 


mountains being largely comp 


resistant crystalline rocks, th 
dry channels of their long fai 
abundant hard-rock boulders 


erushers, the high seaffoldings o! 


are familiar features thereabo 


the inflow of the wet-weathe1 


unites at times of flood to f 


Angeles River, which when 


finds escape through the open si 


ern gap. In the gap stands thi 
city of Glendale which, Wester 
announces its name to the arr! 
tor in eleetrie signs hanging 
main thoroughfares, and adds 


ageressive self-consciousness ot 


ambitious Californian cities, ** W 


grow.’’ The San Fernando 
land of arid bush and seanty | 
its native condition not many 


} 


is now largely occupied by 


orchards, rose wardens and field 


has lately been aequired, as 
safety valve, by the irrepress 
of the Angels, hence one may ex 
in a few years more it will b 
with open-spaced residences 


set business blocks. 
Hoes IN THE Inyo Mot 


Two pronounced examples 
tionally small, down-flexed des 


typically intramont, are four 


> 
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part of the long Invo-Whit 

n Range, which rises near the 

Nevada boundary ot California. 

st of the Sierra Nevada. One ot 
sins, measuring only 12 by 5 miles, 
n as Deep Spring ** Valiey,’” but 
without outlet it might be better 


Deep Spring ** Hole,’’ for that ex 


! 
term is already officially author pro} 
naming Jackson Hole in the = térieure 
Mountains of Wyoming. The © nificent 
the Invo Range is caused by the hundred 
flexing of a portion ot the moun lenet] by 
nass on the northwest against ais a well-det 
rectilinear and well-dissected Its enclosing 
scarp on the southeast.*" The ag- both ends 
raded floor of the hole has an altitude Marysville 
1.900 feet, and lies from 1,000 to 3,000 — northern part 
below the highlands of the range smaller and 
fans are supplied chiefly from val- slope, bety 
s cut in the down-flexed slope on the where the 
rthwest; and the streams in those val lies nearer tl 
s work, when they run, as energeti pushed there 
vy as if their lower courses would | higher Sierra 
all the way to the ocean But they the Sacramento 


} 


end in a shallow saline lake on the mon westward 


doomed to early disappointment San Joaquin fro 


evless floor of the hole of the C 
Another deep hole, thirty miles to the — yallevless 
theast in the same range, known as’ and most 
‘*Valley,’’ is somewhat larger, as ess also. thoug 
ts floor measures twenty-five by ten 
es. It has a moderately dissected upper part of 
ut scarp of unusual strength on the late geological 
ithwest, which rises fully 6,000 feet let was a tru 
era small lake at 1,000 feet altitude provisionally 1 
the floor of the hole It is difficult which. on it 
imagine what kind of subterranean through gorge 
vement within the earth’s crust can  Ranees and 
caused these local cave-ins or fail plain between 
res Of upheaval in the Inyo range ‘ slight subm« 
The collapse of eavern§ roofs outer gorge 
ot be appealed to, because lime- Golden Gate 
do not enter largely into the trough plain is flooded 
ip of the mountain mass. . 
GREAT ‘*‘VALLEY’” OF CALIFORNIA 
largest example of an aggraded, 
ont trough in our Cordilleran 


J. Miller, ‘‘Geology of Deep Spring 
; ] 


Journ. Geol... 36 510-525, 1928 
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Francisco Bay, and the inner 
is drowned in Carquinez narrows 
which the shallowe) waters of 

S n Bay overlap part of the inne 
“Vallev’’ plan The shallow 

: S n overlap was originally irgel 
at present, for it has been muel 
whed upon by the double delta of 


o betrunked rivers 

great interior plain Was 
egion under Spanish-Mexican do- 
n; it became a farming country i 


iriy davs ot California s statehood 





snow largely a fruit count: An ex 


/ 


sive area In Its norther! 
rately mapped by the topographers 


| S. Geological Survev on a seale 


two inches to a mile, with five-foot 
urs (one of the most Interesting 


s in the recent history of the plain, 
tem intimately connected with its 
less form, is the conflict between 
farmers on the plain and the miners 
e adjoming uplands of the Sierra 


vevada. The latter ‘‘hvdraulicked’ 


; wuriferous gravels of the uplands so 
; tively during the third quarter of the 


eentury that the farmers’ fields 


/ 


ng the vallevless rivers were in dan 
of being buried under the artificially 


reased outwash of detritus Action 


ough the courts to avert this danger 


s sought by the farmers and secured 
1884, and in 1893 a California Débris 
nmission was appointed by Congress 
safeguard the nominally navigabl 


ers from obstruction by the down 





ished ‘‘tailines.’’ A quantitative 


‘ 


S dy of the gravel outwash and of its 





reradational effects down stream from 
hydraulicked uplands, where th 
scars of the washing are still prominent 
res of the Sierran landscape, was 
of the latest investigations unde 

by Gilbert 
K. Gilbert, ‘*‘ Hydrau ning Débris 
Sierra Nevada,’’ U S. Ge Surv. Prot 


1917. 
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Pasadena is at its west end, with Los 
Angeles beyond low hills ten miles to the 
southwest. Many smaller communities 
occupy intermediate situations. The 
long fans are largely covered in their 
upper half with orange groves, which 
are irrigated with ground water pumped 
up from the coarse detritus of the fan 
heads. Much of the lower, and nearly 
level, distal extension of the fans, where 
the water-table is near the surface, is 
farmed, but the lower part of some of 
the eastern fans, where the surface is 
exceptionally sandy, is occupied by ‘‘the 
largest. vineyard in the world,’’ one of 
California’s best-justified superlatives. 


No AaGrapep Basins IN THE EAsT 

In the northeastern states, north of the 
Missouri and the Ohio rivers, many 
plains were built up over an uneven land 
surface during the Glacial period. 
Some of them are plains of till, which 
may be regarded as delta-sheets formed 
beneath the thinning margin of ice- 
sheets, where more detritus was brought 
than could be dragged farther forward. 
Others are gravel and sand _ plains, 
formed where outflowing streams of ice- 
water deposited part of the detritus that 
they had gathered in their subglacial 
courses. There are also many small 
plains formed by the inwash of detritus 
into little lakes of glacial origin. These 
plains are purely climatic in origin, not 
at all orogenie. 

There are, indeed, no recently down- 





faulted and aggraded basins in the East 
such as those above deseribed and many 
others like them in the West. The only 
approach to an Eastern homologue of 
the Western basins is found in the small, 
shallow, water-filled hollows, known as 
‘‘sunk lands,’’ that were formed by 
slight subsidences, perhaps due to deep, 
eavern-roof collapses, in the northern 


part of the Mississippi flood plain at the 
time of the earthquake of 1811, of which 
Fuller has prepared an admirable ac- 
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Two ot the 


holloy 


Reelfoot. 13 miles long. in 


Tennessee : 


miles 


long, 


« 


ind St 


In 


Kran 


northeaster) 


Vs 


both are of trifling depth 


Mississippi flood plain itself 


these sunk lands oce) 
speets analogous to tl 
of the Sacramento 


rivers in 


fornii 


respects 


That 


tl 


ie Great 


ir, 1s 
le aXlh 
and 

‘Vall 


i: but in other and m 


the 
of the Mississippi 


flood | 


‘lains 


1h) 
+4 


il 


San 





CIS 


ey” 


re 


a 


IS 


hie 


floor of a true valley of erosion 


Gulf coastal plain, which 


width 


vained 


between its limiting 


bluffs on the east and west by 


the great size of the river that 


and t 


great, because during the 


north 
they 


drainage, which normally bi 


St. Lawrence and Hudson 


hat river was. 


tor a 


time, «i 


ern states by Canadian 


constrained a great 


erod 


InVasSIo! 


part 


} 


systems, to flow southward via 
\iexie 


Mississippi to the Grulf ol 


Longs 


> 
mci \ 


though small areas of outwashed d 


are formed 
bluffs on the east and west by the st 


that 


there 


d 


ilong the 


escend ft 


rom 


base 


the 


} 
ill 


oy 


uplands, these deposits do not 


means dominate the 


eCourse 


SISSIPpl as the eourses of t} e Sac! 


and San Joaquin are dominated 


fans outwashed 


and the Coast Ranges, bu 


trary 
latera 
domi 


them to sidle along the base 


the Mississippi, by 


| slopes oft its 


lates 


the small 


until it is ready to come over 


them 


such a stream. 


The Yazoo, nearly 
in length, is the type for the 


up at Vicksburg. 


Fuller, ‘* The 


25 M. 


quake, 


see 


quake Lake,’’ 


1924, 


L. 
Irs 
also, W 
with f 


ne 


Geol. Surv 


\. Nelson, alias 


Vat. Geo 


airplane 


t on 
meal » 
own flood 
streams and 
oft the 
700 
\ 


from the Sierra N 


The Mississippi 
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Arip EROsION HAN: 


isual inactivity oft 


with 


sin desert rewions. thev work 


ous energy W he n flooded and then 
plish a vast amount of erosion 


ortation and deposition 


ne seen not ONnLN 


thev have excavated many moun 


anges but also in the construction 


evreat detrital fans alone the moult 

vases. Seores of thousands of vears 
have been thus occupied, for the 
formed before the last 
Dur 


tf that time the 


were largely 


} 
idl 


| epoch, as is thus known 
the moister climate ¢ 


neastern part of the Great Basin Was 


pied by an extensive lake, 
t Lake Michigan 


nearly 


rge as the presen 

vhich the name of Bonneville has been <a 
. ‘ qaown-taul 

n after the first explorer who rec of BW 
ground of fk 


ed its high-level shore lines, refe1 inode | 


to which has already been made 


it Salt Lake, a mere film of extremely 
ne water, now reserves for itself a 
atively small part of the dried floor 
Bonneville in the 

present day The shore lines of the 
strongly marked 


more arid climate of 


tinct greater lake are 

the rocky flanks of several basin 
nges where its waters were deep, 
neighborhood of Salt Lake ¢ itv, 


; 


nine hundred feet above 
level But in the shallower sout 


the pre S 


n arms of Bonneville, where wave ac 
n was weak, the shore lines are lightly 

ed even on the detrital piedmont 
ns Many of these faintly shore-scored 
ns are of great size; hence they must 
ve almost reached their present size in 


Bonneville time, and that time must 


erefore have been characterized by a ; = 
Val \ Hanging 


ulding or desert climate, like that 
the an » discont 


Ing into 


day, for a much longer duration 
a vengeance 


il the post Bonneville period, as Was 


Gilbert.2* Dis- that whiel 


igo made clear by 
nuity of valleys has therefore long *0!* Appalacl 


Great Basin imagined. And « 


‘haracteristie of the 


eontrast is ho 
‘ of ol tv in the Western strean 
K. Gilbert, ** Lake Bonnevill . im ali : ' 

le are : eno io} ©. 


irv. Monogr, I, see pp. 91, 92 
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FIG. 4 \ THREE-STAGE DIAGRAM TO SHOW THE EVOLUTION oO} 
FAULT—-BLOCK VALLEY 


4) ’ \ \ ‘ i 
4 ry rm AD > PA D oO | 
F¢ O} SAMI AFT k P-F Go ( ‘ 
ove 4 SLAN iq F S P SFPARA , 
SAM AFTER tOS10 \ > Dp Os ION CONSEQO ‘ oO 
excess of mobility in the Western earth clined at an angele of 40° or 45 ! s 
erusts. The sight of these voung fault sures from 500 to 1.000 feet ip 
scarps under the hanging vallevs makes height The searp transects 
one realize how wild the West still is, mass without regard to its cor 


geologically, and how utterly unlike the = structure. The little detrital 


geologically tamed East have been built out on the n 
Where renewed up-faulting of this the trough at the base of the f: 
kind has recently taken place; the physio-  ¢lefts are. as above noted. of st 
graphic axis of the associated down ume compared to that of the hig 
faulted trough lies for a time close tothe jne yallevs. A front view of s 
scarp base of the uplifted block, as may the pieh alin. narrow clefts a 


be known from the — there ol basal fans suggests their likeness 
salt marshes which ordinarily he near eel iia cia 9 ' 
3 ‘ . : ) 7 STC a { mse Of a won 
the mid-line of the trough Between . 
Me . it noted, however, that. alt! 
the eut-off vallevs, now high in the air, 
. valleys are thus very distinet 
and the alluvial cover of the depressed 
and buried fans, stands the newly ex- 
posed and little modified fault searp of 
bare rock, which in Death Valley is in 


cated by renewed faulting in the | 


and Panamint ranges, they 
the 


sharply eut off as are 
hanging lateral valleys above 


The recent and temporary displacement of 


tT? 


cially overdeepened fiord tro 


trough floor marshes or lake s has been de seribe d ; 
Alaska or Norway, or as tl 


by A. C. Lawson in his account of certain 





modern faults along the east base of the Sierra that open abruptly in the s 
Nevada, not far from Reno: Bull. Seism. Soc. Normandy at mid-height above | & 
er., 2: 195, 1912. Another example is de 
an yy > “hye Spenser er base; but they are more sharp 
scribed by R. J. Russell in his account of the ; 7. ;, 
than the hanging valleys of Kk 


Warner Range of Northeastern California: 
Univ. Calif. Bull. Geol., 17: 483, 1928. above deseribed, and they are 
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neighborhood of Salt Lake Citv to a <Aripiry, DerriraL Fans anp 
party of European geologists who were In consequence of its arid eli) 
touring the West after the International great Southwest must irrigat: 
Geological Congress at Washington in and orchards on the intermont 
1893, the scarp was so great a novelty plains, and here the vallevless ¢! 
that they one and all refused for two of the plains is of great advantage 
days to aecept his interpretation of it streams from the larger mount 
as the result of a recent fault: to them  leys are taken in hand at 
it was only ‘‘a gravel bank.’”*? mouths and led along major an: 
Renewed faulting, of less recent date distributing canals on the | 
than in Death Valley but of much the piedmont fans, the gentle, rad 
same amount, has taken place in the of which are admirably adapted 
great up-faulted, west-facing crustal method of refreshment. Henee alt 
block known as the Wasatch Range in the aridity of the region imposes 
Utah. at a point 15 or 2O miles north of necessity of artificial watering 
Salt Lake City. The previously well- crops can be raised, it also provid 
dissected and degraded mountain mass if by way of compensation, a pe 
was there subrecently upraised and the valleyless land form on which art 
large fans that must have fronted its Watering can 
depressed. plished; for, as above told 


be most CaS1LI\ 


well-opened valleys were 
The inferred fans are now out of sight detrital fans are a characteristic 
under the piedmont alluvial lowland @ necessary consequence of arid 
which borders Great Salt Lake; the i© a mountain-and-plains region 
broadly opened mountain valleys and Mormons, our earliest settlers 
the rolling uplands and highlands be- desert wilderness, industrious!) 
tween them stand from 500 to 1.000 feet lished their village communities 


above the lowland. Sharp-eut gorges 
have been sliced in the battered fault- 


a suitable combination of m 
stream and piedmont fan could ly 


scarp below the uplifted valley mouths, and not a few = these communi 
> . » » avo reache ’ q l 

from which small fans of a second gen Me on hed 10 athe re 
: ; : T F *s or; ‘ yvetlho tro} 
eration are now vrowing.” An excep- iat Can gain a live on ! 


which they irrigate from the fai 


tional example of renewed fault-block 
he , : mountain vallevs Some ot 
upheaval is found in the long, heavily ate ili 
i + Bs . munities utilized the high-lev: 
louderbacked Galiuro Range of south- e 
. > ; tain-flank deltas that were bu 
eastern Arizona, for there the detrital e Lal 
AKC 


; ‘ the waters of 
deposits, built forward from the flanks 
of the range after its first upheaval, 
have been raised with the range in its 


Bonne 
inasmuch as all such deltas 
trenched by the streams that b 

their occupation demands 
second upheaval and now share its re- ; 
amount of engineering in the 
newed erosion : a 
tion of canals which divert th: 


1 ** Biographi al Memoir of G. K. Gilbert,’’ some distance back in the moul 


Mem. Nat. Acad. Sciences, XXI, see p. 102, lead them in eanals of 
1926. along the valley side slopes 


low 


2G. K. Gilbert, ‘*Studies of Basin Range tanding delta plains 
Structure,’’ U. S. Geol. Surv. Prof. Paper 153, “ : . 
ater , .. » adr 
see p. 50, 1928. All later settlers in the dr 
W. M. D. and Baylor Brooks, ‘‘ The 
Galiuro Mountains, Arizona,’’ Amer. Journ. 
Sei., 30: 89-115, 1930. by building great dams to enclos 


follow the Mormon example 
vears the U. S. Reclamation S 
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\ hnerea The 
trital plains upon which the ra 
falling on the mountains is 
But unhappily these beneficent 
ts have not always brought success 
se who have striven to take advai 
them; the outlay involved befor 
rofitable returns could be sec) 
oved ruinous to many a well-inte) 


but ill-informed settle 


ROOSEVELT RESERVOIR AND THI 
PHOENIX OASIS 

Roosevelt Reservoir in east-central 

na may be taken as a type example 

ts kind, for altheugh its reservoir is 
the largest that has been impounded, 

ts irrigated area is said to be the most 
rishing of all the Western reclama 


projects The reservoir 1s enclosed it res 


masonry dam which blocks a nar-  -\nothet 


erosscut gorge in a_efault-block is Drom 

ntain range, and there the united ‘Sandstone 
ers of Salt River from the highlands and bael 
the southeast and of Tonto Creek 

m the ranges to the north are held up 
great lake, 35 miles in length when [iver 

ed to overflowing The conserved wa Uuplitte dl 
are discharged westward along Salt «yond 
er Vallev, eroded through a well 

ssected mountainous belt. largely com 

sed of tilted lava sheets and ash beds. 

some 30 miles to a broad intermont  '! 

r] mountai 


where the river had throu 
vious ages built up a broad, faintly mes 
ing, detrital fan of 40 miles radius 
of as great a frontal spread in its 
tension into the desert It is upon 
s naturally graded detrital surfac 
large area around Phoenix. thé 
of the state, has been developed 
i great oasis; but instead of bearing 
appropriate name, the irrigated 
s known as ‘‘Salt River Valley.’’ broad 
title is most unfitting, for it is sues; he 
because of the unvalley-like con tion dam ha 
of the fan that irrigation has 
een SO economical and so SUCCESS 


me might as well eall the Mis 
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18 inches to a mile, out upon the fan to adda third between the Roos 
surface either side of the apex trench. the Granite Reef dams, in order 
Other canals then branch off on several vide extra storage for the rainfa 
fan radii as they are extended. Far- years which would otherwise ow 
ther on, low locks are provided to check the Gila and be wasted, and 

the canal flow. Innumerable ditches carry serve so much of it as does not 
water to the fields, all of whieh, as well evaporation for local use in drie 
as the roads between them, are laid out It is truly a delightful exper 

in squares on the lines of the National the traveler, after he ha 

Land Office Survey. The natural wash miles of dry country 

ing of the fan by local rains as well as range cattle are sometimes si 

by mountain floods has provided so vation in their search for spind 
smoothly and gently sloping a surface of grass close under the stems ot 
that no regrading is necessary when the bushes that they try to eat 
canal water reaches the fields. The field ‘‘cholla’’ and fill their muzzles 
ditches usually run along plow furrows needle-like thorns—to come 
parallel to the field sides, but the more verdant rectangles of the broad 
eareful farmers plow their fields ob- see compact herds of happier 
liquely, on just such a gradient as is turing up to their knees in alfa 
suited for their special crops. Water or resting, sated, in the shad 
official cottonwoods No wonder Arizoi 


distribution is regulated by an 
ditch-man or zanjero, a name that, like proud of the oasis; but I do 
many others in the Southwest. records would not eall it a **valley ‘ 


the earlier time of Spanish-Mexican oe- ; : 
cupation. A water supply for the far- Some Great Basin Rn 
ther fields is secured in part by pumping enhaiebataaen 
up the excess of underflow from the Condensed generalizations 
fields nearer the fan apex; and the region so large as the Great 
pumps are driven by wire from an elee- dangerous if taken alone, bu 
trie power plant at the main dam, which, diluted with exceptions. Thy 
when the reservoir there is full enough, ception to be here introduced 
also supplies power to Phoenix and sev the statements made above as t 
num- continuity of the rivers in the 
ber of mining towns in the mountains. try; but let it be noted that 

need of excepting the few lone, t 


eral smaller cities as well as to a 


Favorable as are the natural condi 
tions here provided for irrigation, it is flowing rivers from the man) 
by no means the case that every arriving dry and fall short proves 
farmer has made a success of his enter discontinuity is still the 
prise ‘‘Lungers’’ from Eastern cities Colorado is, as already mnt 
seem sometimes to have thought they chief exception, evidently be 
could suddenly transform themselves headwaters are well fed by the 
from office clerks into sueecessful chieken melted snows of the Rock) Mi 
ranchers; there are said to be a good and its valley, although 
is almost as continuous as th 


But like the Nile and certain oth 


number of ranches held by Phoenix 


banks on foreclosed mortgages. Yet on 
the whole so great a measure of profit which, rising in wet regions 
TO The 


has been reached that the water-users cross deserts on their way 1 


themselves have, on their own responsi- Colorado is of diminishing vol 


1) 


bilitv, added two new dams and are about lower course 
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The slender Gila is next in order, with 
, length of about 400 miles. It rises in 
astern New Mexico and crosses part of 
t state and all of Arizona on its way 
join the Colorado; Yuma stands at 
.e junction. Although thus succeeding, 
+ least while high-water lasts, in reach- 
a trunk river that flows to the sea, 
tila is extremely variable in volume, 
i subject to rapid rise in ‘‘flash 
ds’’ and to almost as rapid fall. In 
ry seasons its volume varies irregularly 
ng its course, according as inflow or 
vaporation takes the upper hand. 
A third river of fair length is the 
Humboldt in northern Nevada, but it 
easures only 250 miles and its flow is 
even more variable and uncertain than 
that of the Gila. There is no fourth 
that need be mentioned here. 


"ALLEYS IN INTERMONT TROUGH PLAINS 


A second exception concerns the oe- 
rence of valleys of erosion in 
raded troughs and basins. It not in- 
requently happens that the rock-bound 

eys of Basin Ranges are continued 

their intermittent streams for a short 
listance and with a small depth in the 
teeper, proximal slope of the piedmont 
fans, but the valleys usually vanish be- 
fore the flatter distal slope is reached. 
tis much more rarely the case that the 
whole area of an intermont basin or 
ough in the Great Basin is dissected 

the ramifying branches of an out- 
flowing river, although such dissection 
common in the Rocky Mountains, as 
has already been told. Among the not 
humerous cases of this kind are certain 
basins drained by the Gila, where it 
traverses the mountainous belt of Ari- 
ona between the plateau country of the 
lortheast and the lower-lying and more 
iesert country of the southwest. For 
although the lower course of this river 
‘voids the difficult task of range-trench- 
ing by running around the mountains 
nd keeping to the interweave of cir- 


ag- 


cummont aggraded trough plains, it most 


enterprisingly cuts deep canyons through 


a number of ranges 


and tl 


of its course: 


advanced in the work of 
the detritus 


branches in the plains that oeecupi 


carry 


rom valleys erode 


inter-range troughs before 


were cut so deep 


rany< ns 
now. This suggests that the river is, in 


spite of its slenderness, of antecedent 
origin, and that although compelled to 


aggrade the down-faulted troughs wh 

faulting was in progress it succeeded in 
holding its course across the rising 
The facet that the trough filling 


gravel and 


ranges. 
is for the 
rather than fin 


troughs were not 


most part sand 


lows that th 
‘upled by 
lakes. 

A fine example of this kind, worthily 
studied and described by Ransome, is 
found in Dripping Spring “ Valley,’’ 
between the Meseal and the Dripping 
Spring fault-block ranges in southeast 
ern Arizona. When one sees the hi avy 
limestones in which the Gila has cut its 
canyons up and down stream from this 
trough, one must marvel that so small a 
river could have mastered the uprising 
of blocks so massive and of 
sistant. The Coolidge Dam, lately com- 


pleted, is built in the deep canyon of the 


, 
rocks so r 


Gila up stream from the trough through 

the great monocline of the Meseal Range 
The valley of the San Pedro, a north- 

flowing stream of very variable volume, 

which joins the Gila 

from its canyon at the south end of the 


next down stream 
Dripping Spring Range, is of somewhat 
different origin. The braided channel 
of its sandy wash lies a little below a 
flood plain with a width of about a mile, 
and the flood plain has been excavated, 
probably in consequence of a rather 
broad up-raising of the district 
ciated with the above-mentioned second 


asSsO 


‘*Ray Geologic 


s4F. L. Ransome, 


U. 8. Geol. Survey, 1923. 
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upheaval of the Galiuro Mountains not 
far to the east), to depths of a few 
hundred feet, more or less, along the 
axis of a heavily aggraded intermont 
trough. In consequence of this excava- 
tion, the detrital slopes of the trough 
have been strongly dissected by the 
wet-weather streams that come down 
from the enclosing mountains. The San 
Pedro trough thus differs markedly 
from its neighbor, the Sulphur Springs 
trough, over the mountains to the east, 
which is as yet not at all dissected. 
While the San Pedro trough was fill- 
ing up, during and for a time after the 
most active faulting of the enclosing 
ranges, no longitudinal stream could 
have existed here, for the fine-textured 
deposits along the trough axis commonly 
contain lenses of gypsum, which imply 
the occurrence of many saline water 
sheets, separated by advancing fans, 
rather than of a continuous, north-slop- 
ing wash. Since then, and probably in 
consequence of a warping upheaval of 
later date as above suggested, the con- 
tinuous longitudinal valley of to-day has 
been eroded and the trough slopes have 
been well dissected. The contrast be- 
tween the dissected benchland of the 
trough sides and the true valley exca- 
vated beneath them along the trough 
axis is clearly recognizable, but both are 
included under the single name, San 
Pedro ‘‘ Valley,’’ by the few residents. 


WoORN-DOWN INTERMONT TROUGHS 


Although the plains which occupy the 
intermont troughs of the Great Basin 
ordinarily have every appearance of be- 
ing built up or aggraded with detritus 
from the adjoining mountains, as above 
set forth, a certain number of them have 
been found to be not filled-up but worn- 
down plains, for their comparatively 
smooth surface bevels across the tilted 
edges of imperfectly consolidated gravels, 
sands and silts, as conventionally shown 
in the foreground of Fig. 6. The mean- 


ing of these worn-down plains 


to be essentially as follows. The} ms 
degraded prefaulting surface & 
region—the Powell surface—ap say 
have been somewhat irregularly ar Lit 

ery 


haps repeatedly warped ; whereup 
radation continuing on the up-w 
areas supplied detritus which was st 
in stratified deposits over the 
warped areas, thereby forming w! 
be called ‘‘supernumerary beds.’’ \\ u 
the time for block-faulting cam 

beds were tilted up with the und 

rock mass, thus giving a potenti In 1 
face shown in the rigid backgrou BACH 
Fig. 6, in which the inter-block 
angle stands above the level d 
which erosion may there operat 
consequence of such displacement 
weaker supernumerary beds | 
rapidly reduced to a nearly pi: 
face; they now survive only in t these 
lying ‘‘safe corner’’ of the int ind | 





angle, while the harder rocks, st: 

of their weak cover and more or less 
sected, still stand up boldly in diss 
mountain ranges, as shown in t 


ground of the same figure. In \ nsul 
this kind the trough-floor plain is 1 ‘let a 
surface of aggradation but of deg: ew 
tion. The number and distribut mpé 
degraded trough-floor plains is 1 
known. They have been recogn 
various observers; a recent account 
number of them has been give! 
Blackwelder.*® 
PrepMONT Rock-FLooRS oR PEDI SY 

A third exceptional feature o! | 
Great Basin is found in certain 

Phe ane 


gently sloping rock floors or 

ments,’’ which have been worn dow! 

far-advanced arid degradation, as 

strated by the change from the potent WD 

background to the greatly reduced 

ground of Fig. 7. When seen in dist FIG 
Ix TR 


85 Eliot Blackwelder, ‘‘Origin of the | 


Basins in the Southwestern United States PORRG: 
+ 969-2963 g28 : 
Bull. Geol. Soc. Amer., 39: 262-263, 1 LITE: 
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\TE TH 
GRAVI 


the almost rectilinear slope « " mont plal 


se rock floors is surprisingly graceful section; b 


pleasing. All direct evidence of plains « 


faulting has disappeared from graded on 

residual mountains, and faulting deposits may 
supposed to have taken place in their vigorous ranges, 
rlier history only because other less- on the hard rocks of the 
nsumed mountains in the same dis- facto, associated with 
et are more manifestly of such origin. out ranges. 
The worn-down, hard-rock pediments are A particularly good 
mparable with the worn-down, inter- worn-down rock pediment 


SSSA LAI Lh 


PERU ww 


PSSSES CESSES SOS SU SSS SEE SESSSUEET: dated 


FIG. 7. DIAGRAM TO ILLUSTRATE THE ORIGIN OF WORN-DOWN ROCK FLOORS 
AROUND RESIDUAL MOUNTAINS 

IX THE BACKGROUND, TWO UP-FAULTED BLOCKS IN THEIR POTENTIAL (NON-ERODED) FORM. IN THI 

THE UP 





FOREGROUND, THE INTER-BLOCK DEPRESSIONS ARE AGGRADED IN DETRITAL PLAINS AND 
LIFTED BLOCKS ARE GREATLY WORN DOWN TO SUBDUED MOUNTAINS, FLANKED BY SMOOTH ROCK 
FLOORS (PEDIMENTS ) WHICH GRADE IMPERCEPTIBLY INTO THE DETRITAL PLAINS 
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around the low Sacaton Mountains, _ those slopes no valleys ever existed 
some 40 miles south of Phoenix, Arizona. ing all their aggradation they have } 
Here the dwindling mountains and their traversed only by wet-weather st; 
isolated outlying knobs appear to be channels or washes. But the dey 
greatly reduced remnants of a formerly ment of the rock floors was begun by : 
larger and much higher mass, which was’ erosion of true, rock-walled vallevs 
very likely of fault-block origin, like the the original mountain mass, and i: 
still vigorous Estrella Range, a score of completed by the consumption 
miles farther northwest. The Sacaton inter-valley rock-ridges until 1 
pediment has a forward slope measuring but a rock plain was left. Such a | 
several miles in radial length, with a might therefore be regarded as the 
declivity of 4°, 3° or only 2°. Itisvari- member of a series of forms 
ably veneered with sands and gravels. earlier members of which are valle 
The existence of worn-down rock floors a young, mature or senile stage of a 
was made known by McGee, some forty _ tion, but the last and most senile mem} 
years ago.*® Further account of them was of the series, being without enelos 
later given by Paige.**’ The fullest ex- slopes, falls out of the class of 
planation of their origin is to be found and enters the class of plains. 
in a masterly deductive analysis of the Brief descriptions having now 
processes and products of arid erosion given of the chief exceptional fi 
by Lawson** and an appreciative ex- which depart from the more preva 
planatory description of a number of forms of the Great Southwest, the 
typical examples has been prepared by plains of the Northwest must have b: 
Bryan.** A comparison of these greatly mention. 
degraded and almost bare rock floors of 
greatly degraded mountains in desert THe Lava Puains or THE Nort 
regions with the soil-covered rock floors Just as the formerly glaciated 
of greatly degraded highlands in humid now deglaciated region of the nortl 
regions is the subject of one of my own ern states has been excepted from 
recent essays.*° general statements made at the begi: 
Some Southwestern, cireummont rock ning of this essay regarding the mat 
floors are a little dissected by shal- continuity of valleys over the Atlant 
low valleys, perhaps in consequence of a two thirds of our country, so 
slight change in climate, but most of an extensive lava-covered region w! 
them are as valleyless as the detrital troetches to the north of the Great Ba 
slopes and playas to which they gently )most as far as the international | 
slant down. Their valleyless condition dary must be excepted from most of tl 
is, however, of quite unlike origin from foregoing statements regarding the P 
that of aggraded detrital slopes. On cif third of our country. There a pt 
36 W J McGee, ‘‘Sheet-flood Erosion,’’ Bull. existent land, probably of mountai 
Geol. Soc. Amer., 8: 87-112, 1897. ~ form, has been buried by volcanic ou' 
. ; ce ok . s% 
Bist, ts yng agg ong Beading oe of shattered lava or - al 
1912. y voleanie outpourings of mol en la 
88 A. ©. Lawson, ‘‘Epigene Profiles of the to depths of hundreds or thousands 
Desert,’’ Univ. Calif. Geol. Bull., 9: 23-48, feet. The land surface very likely su 
1915. " e sided slowly while the lava cover 
Pear Pag yO ny Segre oa cumulated upon it. Ages must ha 
elapsed during the growth of this hea‘ 


4oW. M. D., ‘‘Rock Floors in Arid and * : 
Humid Climates,’’ Journ. Geol., 1930. igneous shroud, for the petrified rema! 


Survey 
Bulleti 
Water 
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> forest trees are found in various ash 
is which alternate with the lava sheets. 


nger ages must have elapsed since the 


ter sheets were outspread, for part 

the lava-shrouded region 

-ongly deformed and its upraised lava 
ver has been worn down to low relief 
vain. But in other parts the lava 
sheets are so recent that their surface, 
‘ten retaining a ropy flow structure, 
inks against the adjoining mountain 
slopes just as the waters of a lake would 
io; henee the lavas when erupted must 
ive been extremely liquid. 


has been 


Some weli- 
preserved eraters have been found in re- 
nt years.** 
On the southwest the lava fields have 
nm invaded by block faulting of the 
asin Range type; the Warner Range, 
we described, is there situated; and 
the southeast a broad dome has been 
vated and forming the 
ateau-like Blue Mountains; but over a 
rge area the post-eruptive deformation 
f the lava sheets has been of moderate 
A consequence of the broad 
outpourings, taken in conjunction 


dissected, 


easure. 


‘ 


i 
ith the less arid climate of the North- 


wt 
\ 


west than that of the Southwest, has 
een the erosion of normally continuous 
leys by the rivers of the region. Of 
Columbia, entering in 
lume from the mountains of western 
Canada, and its main branch, the Snake, 
ading in Yellowstone Park, the 
The continuous valleys of the 
Northwestern lava-covered country are 


se the large 


are 


rest. 


refore in strong contrast with the dis- 
ontinuous valleys of the southwest. 

A curious contrast is presented by 
» exceptional Northeastern and North- 
The Northeastern was 
temporarily covered, during a time of 
“W. T. Stearns, ‘‘ ‘Craters of the Moon’ 
n Idaho,’? Geogr. Journ. (London), 71: 43-49, 
1928. Many features of the lava plains have 
een admirably described by I. C. 
several publications of the U. S. Geological 
Survey: Fourth Ann. Rept., 1884, 431-464; 
Bulletins 199, 1902: 217, 1903: 252, 1905; 
Water-supply Papers, 4, 1897; 78, 


western regions. 


Russell in 


1903. 


climatic chill, by a heavy, strat 
sluggishly mobile cover of whitish erys 
talline 


rock, familiarly 
which was 


known as 
tion of wate! 
atmosphere, and the ice 


surtace 


scoured the 
slowly crept outward fr 
centers of greatest accumula 
it disappeared by melting 
chilled climate 


Northwestern is 


warmed again 
more permanent 
eupied by a heavy, stratified, imn 
cover of blackish erystalline 

monly known as lava, whicl 


plied by hot from 


ascension 
reservoirs, and 


subterranean 


lava cover stands motionless whi 
undergoing slow removal by weathering 


and streaming 


THE CALL O1 


Let no 
shortstopping of the valleys in our West 


one imagine t 
ern mountain ranges and, in consequence 
thereof, the prevailing absence of valleys 
from our Western intermont plains, to 
which repeated emphasis has been given 
in the preceding pages, should be re- 
garded as in any sense physiograp! 
defects. 

currence or 


mm ° 
They are simply fae 


non-occurre 


quite as normal and proper 
actively and irregularly disturbed 


region as valley 


continuity in the equa 
East. The 
— 


plains 


and humid 


the valleyless 


are 


deserve to be remarked upon, 


remarks are not to be taken as in the 


least fault-finding. 
sure the earth for running along its orbit 


I would as soon cen- 


more slowly in July than in January as 


complain of our basin plains because they 


kur- 


desert nature of the 


are for the most part valleyless. 
thermore, whi 


greater part of the 


le the 


? 


Southwest has also 


been insisted must also be in- 


sisted that the desert region is by no 


upon, it 


means utterly barren and worthless 
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In the first place, the mountains of the 
desert rise into a cooler and moister cli- 
mate than that of the plains around their 
base, and the mountains are coming to be 
used as summer resorts to a degree that 
may surprise many an Easterner, who 
hardly imagines the West to be so far ad- 
vanced as to take time off for summer va- 
cations. In the second place, many of the 
mountains have yielded and are still 
yielding metallic ore of enormous value. 
In the third place, although the greater 
part of the desert must remain desert, it 
contains many irrigated oases which have 
an attraction, indeed, a charm all their 
own, and their charm is coming to be 
more and more recognized by traveling 
Easterners. This is particularly true in 
recent years, since the great extension 
of improved highway construction has 
made cross-country travel in one’s own 
ear so enjoyable, and since due prepara- 
tion for the reception of visitors has been 
made in so many of the oases. Even the 
residents in the desert towns themselves 
seem now to be less afraid than they 
used to be of calling the surrounding 
empty spaces by their proper name of 
desert, and they would do well to go one 
step farther and adopt the contrasted 
name of oasis for the desert towns, be- 
cause that name has a much more allur- 
ing connotation than ‘‘settlement.’’ 

But it is to the call of the empty and 
valleyless desert plains themselves that 
this closing section of my story is to be 
devoted. In earlier times, when the 
desert dominated man, it was terrible, 
but now that man so largely dominates 
the desert it becomes a region full of en- 
tertaining wonders. It supports, except 
in the stream-swept washes and on the 
playa flats, a varied, open-spaced vegeta- 
tion of unusual interest, from the long- 
lived giant cactus and the fantastic 
Joshua tree, to the little annuals that 
hasten to flower after the spring rains. 
A visit to the dry country in that season 
is to be warmly recommended, even if 


the descriptions of the 
bloom’’ are usually overcolor 
unexaggerated facts are good en 
though they are more diffi 
forth in truthful positives t] 
travagant superlatives. 

To see the facts rightly one 1 
closely and patiently. Among t!] 
ers to be sought for is a minut: 
like composite, which is to my 
eyes more remarkable than the 
erimson eactus blossoms. Its st 
less than an inch from the b 
its short roots are tender littl 
flower, although perfectly form: 
hardly more than a quarter of ; 
in diameter and its seeds must 
scopic ; yet, lying on or very clos 
surface of the dry soil, they n 
preserve a spark of vitality throug 
parching heat of a whole sum: 
torrid Arizona noons to say not! 
the occasional freezes of winter nig 
so that when the spring rains come 
they germinate, grow up and down 
blossom, complete in every littl 
and thus pass on the spark of lif 
other year. If a despairing prisor 
ever, as ‘‘Picciola’’ tells, gathered } 
from the single flower that spr 
from a crevice in his prison wall, 
many million hopes may the travel 
the desert gather from these indon 
little entities which so dutifully perf 
their life work under conditions ap) 
ently so adverse! 

To one brought up in the geolog! 
tame and climatically humid East 
like reincarnation in another world 
spend his later years in the geologic 
wild and climatically arid West. A! 
set of generalizations has to be made 
do justice to the new and strange e! 
vironment; and at first it is difficult 1 
to regard the new set as in a cert 
sense abnormal, because they are s 
like the long-familiar old set. But ! 
the philosophy of relativity supplemen' 
the philosophy of evolution and | 
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to see that the new set of generaliza- and climatica 
ffers from the old no more than prevalence of 
set differs from the new. It mountains 
be a confession of provincial- logically 
iness to think otherwise. The humid Ea 
ture daisy-like com posite of the 
stern deserts is just as ‘‘n 
rger daisy of the Eastern pastures. 
15,000 feet of Pliocene strata near 
Barbara on the Pacifie coast, tilted 
overriden by Eocene strata and 
tly eroded in Pleistocene time, are 
is ‘‘normal,’’ although shockingly 


rprising to an Easterner, as the much no expect iti 


ss thickness of undeformed Pliocene on Cache ‘‘ Valle: 
Atlantic coast. The occurrence of California or 

scontinuous mountain valleys and of Arizona will ever 
eyless plains in the West is just as_ they physio 
rmal’’ in their geologically active people who li: 





LIGHT AND MEDICINES 


By Dr. H. V. ARNY 


COLLEGE OF PHARMACY OF COLUMBIA UNIVERSITY 


Have you ever received from the _ sponsible for the change, just 
druggist a colorless liquid prescription, light, and especially sunshine, 
which, within a week or so, became pink color of the wall-paper of our ro 
or green or yellow? Have you ever pur- And so we have a considerable list 
chased a golden-yellow ointment to find what we call light-sensitive chem 
that within a month or so it darkened to and other medicaments, the | 
a nondescript gray? Have you ever States Pharmacopeia and the Na 
noted that a bottle of perfume, delight- Formulary (our two national sta 
ful upon opening, became less agreeable authorities for the quality of drugs 
and changed color as well as the months medicines) listing no less thar 
rolled around ? medicaments that should be p: 

All these phenomena are occurring from light. These light changes ar 
every day, causing annoyance to manu- chievous where medicines are 
facturers and worry to pharmaceutical On the other hand, there are inst 
dispensers, who have to explain to irate where carefully controlled light 
customers why a colorless apomorphine are beneficent gifts of nature 
solution turns green within twenty-four Thus, as aptly said by a former 
hours and why a mixture containing dent of the American Chemical 
phenol is apt to turn pink. a vast industry is based upon a s 

The manufacturers and the dispenser chemical reaction produced by the 
desire to furnish the consuming public of light, the darkening of silver 
with the best medicaments available. when exposed to light being the 1 
They purchase the choicest materials, tion of photography and all that 
they compound them with the utmost raphy now implies. 
skill, they assay the finished product and The mischievous effect of 
thus standardize it to a definite strength, medicaments is more annoying 
and then after all these precautions have serious. It is true that when whit 
been taken they sometimes find to their tals of santonin (that vermifus 
disgust and to their financial loss that tained from Turkistan wormseed 
the perfect product they evolve becomes yellow, the decomposed product has | 
imperfect through no fault of theirown; known to produce dangerously | 
becomes deteriorated (even when bottled effects. In most cases, however, 1 
in a sterile glass container) by action of terioration either lessens the m 
some outside factor over which they have value of the product or is 
no control. These deteriorating factors either from the psychological or est! 
are of several types. In some cases the standpoint. A colorless liquid m 
action of air produces changes just as that turns green overnight is 
the action of moist air is responsible for alarm a crochety patient. A ec 
the rusting of iron. In some eases the solution that deposits a dark ¢ 
type of glass of which the bottle is made upon the walls of the bottle is not | 
may be the mischievous factor. And in ful to behold. Hence both manufact 
many cases the action of daylight is re- ers and retail pharmacists endea\ 
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LIGHT AND 


medi- 
This 


ilue or amber glass 


en such light changes in th 
s they produce or dispense. 
ns the use of 
tles. This is the reason why careful 
wmacists dispense ‘‘eye drops’’ in 
opaque cardboard 
ms. This is why the labels on bottles 


ttles enclosed in 


certain staple chemicals bear the cau 
_**Store in a dark, cool place.’’ 
For fifty years or more pharmaceuti- 
11 and chemical investigators have been 
leavoring to solve the riddle of deteri- 
ition of chemicals under influence of 
These have di- 
(a) as to the chemical effects of 
(bh 


researches been 


ich deterioration and as to 

such deterioration. A 

literature these topics is 
iilable but, as an eminent Dutch in- 
stigator has written the author, this 

material ‘‘was not of value save in this 

respect—that I learned from it how it 
d not to be done.’’ 

the introduction of 
licaments—sera, and 

lar products—-the problem of light 


anges has become distinctly acute, 


means 
preventing 


SS of on 


Sinee biologieca! 


vaccines glan- 
as 
ese medicaments are very sensitive to 
cht and a deteriorated 
metimes worse than inert; it may even 
harmful to the patient. 

In a discussion of this topie at the 


specimen is 


1926 meeting of the American Pharma- 
utical Association it decided to 
ppoint a committee to study the prob- 
light-sensitive medicines, and 
ter a two-year preliminary survey, the 
ndings of the survey indicated the need 
{ definite research on the problem. As 
ese findings have been published else- 
ere,’ it only need be stated at this 
time that inquiry among pharmacists, 
chemists, physicists and glass manufac- 
turers showed little practical knowledge 
the problems, the only worth-while 
work having been performed by the 
physicists of the Bureau of Standards 
and by two foreign investigators, Dr. J. 


1Jl. Am. Pharm. Assoc., 17: 1056, 1928. 


was 


m of 


MEDICINES 


Eisenbrand, of Germa 
M. Coebergh, « 

Armed i 
writer, in May, 1928, called 


Holland 
with these 
which 
of the American Pharmaceutical] 
two 


resentatives 


was attended by re] 


association 


nanutacturers 
of 
diseussion 1 
was decide 
practical 
the prese 
appoint a 


such a reseal This fund-raising can 


paign was carried out last year 


$2.000-research fe llowship was provided 


for, eighteen subscriptions for $100 eac] 


being secured from pharmaceutical 


chemical manufacturers, while th 


maining $200 necessary to co1 
fund was obtained from the 
Fund of the 
Association. 


The $2.000 be 


American Pharmaceut! 


ing secured and tu 
+} 


trustee, the writer 
assistant Mr. A 
student 


Columbia 


secures 


over to a 
his research 
Steinberg, a graduate 
College of Pharmacy of 
and these two with the 
Abraham 
t 


he Same 


versity, 
tion of Taub. profess r 
physies a institution, 


the research which 
outlined as follows. 

With the fine cooperation of chemical 
and pharmaceutical 
of the manufacturers of glass bottles the 
necessary chemicals and pharmaceuticals 
and 
been secured. 


The medicinal 


engaged in 


manufacturers and 


the appropriate container 


substances un 


tests are of such varied character as 
sweet spirits of niter, bleaching powder 
and apomorphine, the only point of re- 
semblance being that all are known to be 
light. These samples 


(thirty-six in number) have been placed 


sensitive to 


2 Pharm, Ztg., 72: 247 and 1275, 1927. 
7 1920 


3 Inaugural dissertation, 
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in pyrex tubes, and these well-corked, and summer daylight. Those 1 
wax-sealed tubes are in turn placed in’ ments which our tests show survi 
the glass container that is being tested. posure for one month will be bott 
The pyrex tubes (obtained through the exposed two, four and six mont] 
courtesy of the Corning Glass Works) tively. Incidentally, we plan 
are used as the real container since that the one-month experiment du 
type of glass is less apt to affect the summer, thus having a compa 
chemical stored therein than an ordinary tween the effect of winter da 
glass bottle. The outer container actu- summer daylight. 
ally under test is at the present time Each of the medicaments t] 
limited to seven kinds of bottles: (a) studying has been examined . 
three types of green, (b) one type of and physically and has been 
blue, (c) two types of amber, (d) one comply with the requirements s 
type of flint, or colorless. The spectro- by the United States Pharma 
photometric reading of each of these The surplus stock (in their o1 
seven types of glass containers has been tainers) are stored in our dark 1 
recorded, thus fixing the color transmis- will be examined from time to 
sion of the glass in question. It is inter- order to detect deterioration 
esting to note that such spectrophoto- causes other than exposure to lig 
metric reading of a number of the As to batches of medicaments 
batches of bottles received from the sev- are brought in after exposure 
eral manufacturers cooperating in the two, four, six and twelve months 
research shows a distinct uniformity in light, they will again be examined 
color of their respective stocks, especially tests of the pharmacoperia as to stre? 
where amber and flint glass are con- purity and physical appearance. Sor 
cerned. of the chemicals exposed show deter 
We are at present subjecting more tion (color change, ete.) after only a 
than two thousand specimens to the days of exposure. In other cases 
action of sunlight. One set of three change is more subtle. In ether, for 
hundred specimens is kept indoors on ample, decomposition is shown by 
shelves near a window, thus matching appearance of peroxides, and the spe 
conditions found in the average stock chemical test provided by the pharn 
room. This set examined month by copeia will indicate such change to | 
month in their sealed pyrex tubes will be In other cases, such as Labarraqu 
kept a year before the containers are solution, deterioration will be indicat 
opened. The remainder of the present by a loss of strength of the essential! co. 
batch of specimens (numbering 1,700 ponent, thus giving an exact measw! 
items in all) are fastened on panels each ment of the deterioration mont! 
protected by a sash of glass, these speci- month. 
mens being exposed on a roof to the ‘‘What’s the use of all this work’ 
effects of unimpeded daylight. One may be the query of the casual reade! 
batch of samples is being exposed for In the first place there is apparent!y 
one month, and this batch will soon be authentic record of the relative value 
taken in and examined as to the effect colored glass containers in prevent! 
of one month of winter daylight. A cor- the deterioration of chemicals under | 
responding batch of the same chemicals influence of light. In a general wa) 
and the same type of containers will be have learned by empiric methods th 
left on the roof for one year, thus sub- clear glass bottles are not good contain- 
jecting these medicinals to both winter ers for light-sensitive chemicals; % 
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nk that amber bottles are the best con- storage 


rs for such chemicals and that blue hope to 


s are the worst, but these opinions whether 


ised largely on guess-work. Coe-_ served, is dus 
sh, by the use of light rays of known’ whether some « 
length, found that different chemi- |i 
have different sensitivities to differ- 
light rays. We are acting upon the 
bergh findings by applying his idea 
the medicaments stored in the bottles 
mselves. By this method we hope to 
manufacturers of pharmaceuticals, 
chemicals and of bottles exactly what 
of bottle is best suited for the 








THE NEWER HOMEOPATHY 


By Dr. W. H. MANWARING 


STANFORD UNIVERSITY 


I 

Stone AGE physical and chemical 
science pictures each and every material 
substance as a crystallized or condensed 
spirit, or spirit-fragment. The water in 
the domestic bowl, for example, is a con- 
scious, intelligent, autonomous ghost- 
concentrate, constantly evaporating or 
dematerializing into invisible water- 
potentiality. This intangible potential- 
ity fuses with and becomes an integral 
part of the great aqueous oversoul, gen- 
eral humidity. Through this atmos- 
pheric fusion the captive water broad- 
vasts its pleasures, pains, friendships, 
enmities and motor impulses to near-by 
clouds, mists, lakes, rivers and oceans. 

Taking advantage of this invisible 
atmospheric hook-up, Stone Age meteor- 
ologists attempt environmental water 
control. Artificial ripples in the domes- 
tic bowl, for example, might logically 
telegraph sufficient motor impulse to a 
near-by lake to overturn an enemy 
canoe. Sprinkled on the ground, the 
captive water might broadcast sufficient 
precipitation-impulse to cause general 
humidity to materialize in the form of 
rain. Thrown on hot stones, the tor- 
tured water sample conceivably radiates 
man-fear and evaporating impulse, suffi- 
cient at times to cause dematerialization 
of local clouds or mists. 

Through a similar atmospheric hook- 
up with generalized ancestral tribal 
gas a tortured enemy logically tele- 
graphs cowardice and bodily weakness 
to his distant tribal brethren. Pierced 
with thorns, the foot-prints of a lion 
relay lameness to the jungle cat. Milk, 
inadvertently spilled on fire, telegraphs 
intangible fire spirit to bovine udders, 


sufficient at times to cause cessation of 


milk flow, or even ulcerative lesions 
the mammary glands. 


IT 
Logical and consistent application 
the same invisible telegraphy 


probably the first system of medi 
developed by our prehistoric ancest 
A fragment of snake skin, tortured by 
swallowed, subse. 


smoke, pulverized, 
quently insulted by gastric juice ar 
finally cast off from the human 
would logically broadcast man-t 
snake-cowardice and snake-attenuat 
to near-by serpents. Thus inductivel 
cowed and weakened, local snakes would 
rarely bite man. Their telepathicall) 
attenuated venom would do little or 1 
harm. A sample of a patient’s ghost 
consubstantiated blood, narcotized wit 
plant juice, inductively narcotizes t! 
vading consubstantiating ghost. Swa 
lowed by the patient, the narcoti 
hemiec ghost-fragment cries out in terr 


to the residual pathogenicity, initiating 


its deconsubstantiation. Tubercula 
sputum mixed with dry earth, ther 
applied as cutaneous massage, tele- 
graphs dryness and perspiration-attenu- 
ation to invading phthisis, primitiv 
perspiration being an external gastric 
juice more powerful than any digesti\ 
ferment of modern science. 

If a fragment of the invading path: 
genicity can not be obtained for cere- 
monious torture, equally logical 
duction therapy is possible throug! 
imitation, or double-relay magic. An 
image of a tiger is constantly evaporat- 
ing into invisible synthetic semi-tiger 
potentiality, which mingles with and 
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partially fuses with the real atmospheric 
river spirit. Ceremonious torture of 
the image, therefore, is relayed to the 
great tiger oversoul and, through this 
transmitted to the jungle 
By the same logic, an image 


rst yul, 
enemy. 


‘an invading pathogenic ghost, nar- 


tized, insulted, mutilated and swal- 
lowed, relays terror and attenuation to 
the real pathogenicity. A ceremoniously 
tortured smallpox image inductively 
terrorizes environmental smallpox. Or, 
clothed in rich robes, praised, flattered, 
fed with sacrificial meats, it relays 
pseudo-friendship to the environmental 
virus, sufficient at times to change this 
invisible anthropophagus into a loyal 
servant of the local tribe. 


Ii 

With the development of later social 
organizations Stone Age therapeutic 
magic was changed to a real homeopathy. 
With the union of families into clans, 
tribes and nations, similar group organi- 
zations were conceived to take place in 
the pathogenic world. Each virus- 
group was usually dominated by some 
particularly virulent organ-eating or 
symptom-producing ghost. It was no 
longer necessary to procure a sample 
or to prepare an image of an individual 
virus. Any member of the symptom- 
specific group could be captured or 
imitated. Through ceremonious torture 
of this group representative, attenua- 
tion and terror could be relayed. A 
real inductive similia similibus curantur. 
Baldness, for example, could be induc- 
tively weakened or scared away by a 
swallowed gastro-intestinally insulted 
fragment of frog skin, an easily attain- 
able consubstantiated anti-hairiness po- 
tentiality. EExcreta from any form of 
diarrhea could be tortured and applied 
as cutaneous massage, relaying through 
the bellyophagic clan-organization at- 
tenuation and man-fear to invading gali- 
stones, appendicitis, cholera, typhoid 
fever and other abdominal pains. 


This similibus 
curantur did not 
absurdum till all pathogenicities were 
enrolled under the captaincy of the 
medieval unitarian Satan. Formal 
burning of a Satan-consubstantiated 


early pagan simulia 


} 


reach its reduct ad 


witch, the eating of roast or fire-attenu 
ated witch flesh and the torture of an 
imitation Satan in the bull ri 


became the major official method of dis 


hg thus 


ease control. 
LV 


With the development of nineteent 
eentury Christianity, however, not onl) 
did this unitarian antisatanotherapy b 
come obsolete, but all earlier 


torms 
therapeutic magic became equally illogi- 
eal. Autonomous or group-motivated 
spirits were no longer conceived to con- 
trol pathogenic viruses. 

In spite of this theological discard, 
however, the essential technique of early 
pagan similia similibus curantur was 
retained and justified by new hypotheses 
drawn from material science. Our 
Stone Age ancestors postulated that, in 
addition to magically induced cowardice 
and attenuation in an invading patho 
genicity, the swallowed or cutaneously 
applied, ceremoniously attenuated virus- 
sample systematically exercises and in- 
creases the consubstantiation-resistance 
of the human body. 


skin, for example, was a logical Stone 


Swallowed snake 


Age vaccine, whose easy conquest and 
expulsion from the 
and encourages the normal human anti- 


body strengthens 
snake potentiality. Fecal massage is a 
Stone Age cutaneous vaccine, system- 
atically training the human gut for war 
against visible and invisible fecophilic 
viruses. 

This retention and metamorphosis of 
theologically discredited pagan homeo- 
pathic magic into a modern physiologi- 
attributed to 
Hahnemann. The Hahnemann physio- 
logical theory assumed that, given in 
small, readily conquered doses, 


eal science is usually 


any 
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symptom-producing material is a symp- 
tom-specifie vaccine, training and in- 
creasing physiological symptom-specific 
resistance. A headache-producing drug 
is a postulated logical therapeutic vac- 
cine against all forms of headaches. 
Morphine logically immunizes against 
insomnia. Alcohol trains and strength- 
ens locomotor-ataxia-resistance. 


V 

The Hahnemann renaissance of early 
pagan homeopathic technique under this 
new rational was, of course, not without 
its critics. Nineteenth century medicine 
had become so skeptical of metaphysical 
deductions as to demand convincing ex- 
perimental and clinical proof. Very 
suggestive evidence was soon quoted by 
Hahnemann—the therapeutic vaccine, 
nitroglycerine. Given in toxic doses 
nitroglyyecerine produces a most ex- 
cruciating headache. According to 
Hahnemann immunology, therefore, oral 
administration of minute, easily licked 
doses of nitroglycerine should in- 
crease headache-resistance. Hahnemann 
pointed with pride to the fact that 
patients suffering from headache are at 
times almost miraculously cured by such 
administration. 

This observation was probably the 
most important single research stimulus 
of the nineteenth century. At the time 
it was made, biologists knew nothing of 
the physiological action of nitroglycer- 
ine, and only the most fragmentary 
physiology of any currently used em- 
pirical remedy. Pro-Hahnemann and 
Anti-Hahnemann controversies, there- 
fore, were pure metaphysics. It was not 
till the closing decades of the nineteenth 
century that physiology was prepared to 
present scientific evidence. 

By this time impartial non-clinical re- 
search had shown that nitroglycerine 
belongs to a relatively large group of 
toxic agents, producing as its most easily 
demonstrated physiological effect a low- 


ering of arterial blood pressure. | 
cians had long noted that there ar 
ferent types of headache—one typ 
example, associated with abnor 
high blood pressure, a second typ: 
acterized by subnormal arterial press 
Impartial clinical tests now show 
nitroglycerine given to a patient 
high-blood-pressure headache at 
restored blood pressure to norma 
accompanied by cessation of | 
symptoms. Given to a low-blood-; 
sure headache, however, nitrogly: 
was found to further decrease 
pressure, invariably magnifying 
distressing symptoms. Nitrogly 
therefore, was not the symptom-s; 
vaccine Hahnemann assumed. 
over, there was no evidence t! 
toxic substance had any immu 
power whatsoever. Given 
minute doses to laboratory 
nitroglycerine stimulated the 
ment of no increased resistance or s 
tolerance even to nitroglycerine its 

Similar impartial laboratory 
clinical studies failed to demonstrat 
postulated immunizing powers 
common drugs as quinine, iron, mer 
strychnine, caffeine, digitalis and | 
earpine. Fully 98 per cent. ot 
teenth century empirical pharma 
was thus shown to be in non-cont! 
with Hahnemann immunology. H 
mannism at most could be but 2 
cent. clinically true. 


VI 

A few of the less common therap 
agents of mid-Victorian empiricis! 
however, and many agents subseque! 
introduced were found to stimulate t 
development of a remarkable tolera! 
sufficient at times to protect mai 
laboratory animals against many 
dred times the usual lethal dose o! 
toxic agent. Among the commo! 


agents thus found in apparent conform- 


ity with Hahnemann immunology 2! 
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snake- 
extractives 
and 
substances of 


zootoxines (€.9., 
numerous plant 
mushroom poison 
non-toxic 
Scientific homeopathy, 


sole 


ymerous 
nom 
almost 
| toxic or 
mierobie origin. 
was foreed to turn its 
ention to apparent 
itions of the Hahnemann postulates. 
apparent confirmations of 
Hahnemann immunology, however, were 
confirm his major 
vlief. Immunization with subtoxic 
loses of cobra venom, for example, while 
le monstrably increasing 
tance, was found to give little or no 
nereased protection against other zoo- 
toxins, and no protection 
gainst other toxic agents producing the 
same or similar symptoms. With very 
rare exceptions the immunity following 
morbidiec agent 


ereft re, 


these few con- 


=~ 
| nese 


y 


son found not to 


cobra-resis- 


whatsoever 


vaccination with any 
was demonstrated to be highly specific 

r that agent. 

Vil 

Furthermore, even the few successful 
specific immunizations were soon shown 
to be effected by a physiological mecha- 
nism not dreamed of by symptom-spe- 
ifie immunology. Normal laboratory 
animals, for example, injected with mod- 
rate doses of cobra venom, usually die 
is a result of cardiac paralysis. An 
excised normal animal heart, kept alive 
inder artificial circulation, usually 
eases to beat from two or ten minutes 
ifter a milligram of cobra venom is 
udded to the circulating fluid. The 
heart of a cobra-immune animal is 
jually susceptible. Cobra immunity, 
therefore, can not be explained on 
Hahnemann assumption of increased 
rgan or symptom resistance. 

Still further limitations of Hahne- 
mann homeopathy were found 
necessary, proof of error in the postu- 
lated belief that minuteness of dose 
favors immunization. The exact oppo- 
site was at times demonstrated to be 


soon 


true. Injection 
of a successful in 
sionally leads to t! 
exact opposite of 
causing an acquire 
Vaccination of 
mals with too sm: 
for example ma 
ment Of a spt 
albumen. Subsequent feeding 
co-white 
hyp 


fatal convulsions, or 


tion with « may tl 


specifically ‘rsensitive animal 


lethal sh¢ 
newer scientific 


immunology, 


was forced to limit itself to 


tively few immunizing 


which immunization is possible 
risk of stimulating the 

the and 
opposite effect. 


distressing olten 


Vill 


Thus limited, stripped of every ves 


tige of its original similia similibu 
curantur, given a new nomenclature an 
an entirely 


new physiology, the 4 per 


cent. residual fragment of Hahnemann 
homeopathy is to-day endorsed by and 
is an integral part of scientific medicine 

The evolution of this 


scribed scientific homeopathy epitom1zt d 


newer circum 


medical history. Stone 


Age wizards as a logical magic 


Conceived by 
against 
raised TO 


ghosts. 


individual pathogenic 


; 


a theological similia similibus curantur 
by later paganisms, discarded as pagan 
superstition by modern Christianity, its 
essential technique rescued from this 
discard by nineteenth century adoles 
cent material science, robbed of 994 per 
cent. of its assumed physiological ra 
tional by later experimental and clinical 
research, its residual 4 per cent. verifi- 
able biological truth is to-day officially 
endorsed by conservative clinical science. 

The next step, of course, will be a 
modification of existing legislation in 


conformity with this evolution. 








THE PHYSICAL NAPOLEON 


By Dr. JAMES FREDERICK ROGERS 


THE U. S. OFFICE OF EDUCATION 


THE rise or the fall of a great man, 
aside from the combination of external 
circumstances which may make or destroy 
him, is largely influenced by his physical 
condition. Of no man is this more evi- 
dent than of Napoleon, whose physical 
powers were as marvelous as his mental 
accomplishment, and the waxing and 
waning of whose star, while far from 
being wholly determined by, was sig- 
nificantly coincident with, his bodily de- 
velopment and decline. 

Napoleon’s father, who is described as 
slight, lithe and handsome in face and 
figure, and full of energy, died at the 
age of thirty-nine of cancer of the 
stomach. It was from his mother, how- 
ever, that the illustrious son seems to 


have derived his unparalleled physical 


powers. She is said to have been 
a remarkably forceful and courageous 
woman, of heroic mold and of great 
beauty, which she retained to advanced 
age. She shared with her husband the 
hardships and perils of the Corsican 
struggle against the French, and it was 
while she was following the fortunes of 
Paoli’s patriots in one of their expedi- 
tions that Napoleon was born. 

As a child Napoleon was ‘‘turbulent, 
active and lively in the extreme,’’ and in 
such an atmosphere of national strife it 
was but natural that his favorite play- 
things should be a sword, drum and toy 
soldiers. He was sent to school at six, 
and on his way he is said, by tradition, 
to have regularly exchanged his own 
piece of white bread with a soldier on 
duty for a bit of the coarse army loaf. 
He was teased at school for his devotion 
to one of the little girls and for walking 
up and down absorbed in thought, with 
his stockings falling over his heels. He 


made furious return for such treatment 


He feared no one, and no numbers 
said of himself later, ‘‘I struck 


scratched another, and I was a terror } 


everybody.’”’ 


At school in Brienne at the age of ter 


he held himself aloof from the 
boys. He played little and took 
walks alone. The pupils were lode 
with Spartan plainness in dorn 
rooms six feet square. They were ser 
amply with four meals a day—breakt 


and luncheon of bread, water and fruit 


dinner of soup, meat, a side dish 
dessert, and for supper a joint wit 
salad or dessert. With the latter n 


a weak mixture of wine and water 


known in sarcastic school 
‘‘abundance,’’ was served. 
Each boy was assigned a smal! gard: 
plot to cultivate. Napoleon fenced | 
about with a hedge, fiercely drove out 
intruders and spent his leisure her 


phras 


reading all the books he could find 
Though for a long time at odds with his 


school fellows, his fearlessness of 
and his indifference to punishment met: 
out to him by his teachers won 
esteem. 
ean, and he, in turn, grew more friend 
and entered more frequently into tl! 
sports. On one occasion he mars! 
his fellows in a mimic war with sn 
balls and is said to have planned and 


rected with remarkable skill the building 


of elaborate snow forts. Among ot! 


accomplishments, dancing was taught 


and on one occasion Napoleon was on 
seventeen who rendered a country da! 
at a public exhibition. At the ag 

fourteen he was described in the offic 


report as being of good constitution and 


in excellent health. 
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In the next year he was sent to the fine 
tary school in Paris, where, he says, 
were fed and served splendidly.’’ 
were also severe discipline and 
work. lasted two hours 
- each subject, and there were four 
‘ts each day, except on Thursday 
{Sunday. The students had military 
every day and on Thursdays and 
Sundays were taught firing. There were 
ellent teachers of fencing, dancing 
| riding, but Napoleon excelled in 
ne of these accomplishments, and, in 
t, slighted them, preferring to spend 

| available time over his books. 
At sixteen he was removed from Paris 
the artillery regiment of La Fére, one 
‘ the best in the army, where, under 
plendid discipline, three days a week 
re devoted to theory and three to artil- 
ry practice. He took private lessons 
n dancing and deportment which he had 
glected at the Paris school, but he 
failed to acquire an easy or polished 


Lessons 


anner. 

Although his routine work was ardu- 
is, he added to it by his studies and 
from twelve to fifteen 
ursa day. At eighteen he contracted 
fever, probably malarial, which af- 
fected his health to some extent and 
served as an excuse for furloughs to 
His complaints of ill health con- 
tmued, and at twenty-three he is de- 
vribed as small, thin and looking spec- 
tral and uncanny, with pallid cheeks 
ind dark rings about his eyes. 

Two years later at the siege of Toulon 
>» was still remarkable for his extreme 
thinness and the almost yellow tint of 
his visage. He was, however, abounding 
in energy, as evidenced by his work and 
is ““two eyes, sparkling with keenness 
and will power.’’ He won high praise by 
iis tireless activity and his exhibition of 
“much science, as much intelligence, and 
too much bravery.’’ At Toulon Na- 
poleon contracted a troublesome skin 
disease, probably the ‘‘itch,’’ which, 


‘ten labored 


Lorsica. 


neglect, remained with him unt 


from 
he became consul, and it did not add 
the attractiveness of his person. ¢ 

the flash of his eves, those wondert 


eyes, gave indication of the tremend 
stored within that sle1 


physical energy 
der body. 

In 1797, at the age of twenty-eight 
and in command of the revolutionary 
armies, he was still very thin, ‘* 
‘covered with te 


hue’’ and 


Talleyrand saw in him a 


with a pale complexion, 


figure 
look of 


The 


tigue was deceiving, for he was cap 


a certain tired look 
of vehement and tireless activity, 
equal to his imagination which wa 
ready soaring toward oriental cong 
and world empire. 
On his return 
‘‘very meagre and very yellow, his com 


from Egypt he 


plexion coppery, his sunken, his 
perfect, though rather 
His were a beautiful blue, 
which depicted in an incredible manner 
the different emotions which agitated 
him... his teeth 
regular were very white and very good 
and 


eves 
shape 


eves 


without being v ery 


and there was perfect regularity 
beauty in all his features. 
feet six inches in height .. . his 
was rather short and his chest large.’’ 


He was five 
neck 
He was, as he said, made for work, 
and with the colossal enterprises he now 
conceived and their successful working 
out he expanded bodily. By the end of 
the consulate, in 1804, at the 
thirty-five his figure had rounded to a 
both mental 
abounding health 
vigor of body. It is in this period that 
Napoleon’s activities reached their cli- 
max, and there coincident cul- 
mination of his 
Such power for 
possessed by any man of whom we have 


P f 
age ol 


which indicated 


and 


fulness 


satisfaction and 


was a 
perfection. 
been 


physical 


work has never 


knowledge. ‘‘I am conscious,’’ he said, 
‘fof no limit to the work I 
through.’’ For both mental and physi- 


can get 
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eal exertion he seems to have been at 
this time incapable of fatigue. ‘‘It 
would require constitutions of iron,’’ 
wrote one of his ministers in 1803, ‘‘to 
go through what we do. After a day’s 
ride in a carriage we no sooner alight 
than we mount on horseback and some- 
times remain in our saddles for ten or 
twelve hours successively.’’ In one battle 
he went for five consecutive days without 
sleep and without removing his boots, 
and he was fully recovered after a sleep 
of thirty-six hours. In dictating to his 
secretaries he would walk to and fro for 
as much as six hours without apparently 
being conscious of his pedestrianism. 
He exhausted all his subordinates. His 
councils of state often lasted eight or ten 
hours at a stretch. Once at two in the 
morning when the ministers were all 
worn out and one had even succumbed 
to sleep, Napoleon stirred them to 
further’ deliberation: ‘‘Come, gentle- 
men,’’ he said to them, ‘‘Pull your- 
selves together, it is only two o’clock 

we must earn the money the na- 
tion gives us.’’ ‘‘He could work for 
eighteen hours at a stretch at one subject 
or many.’’ ‘‘Never,’’ says Roederer, 
‘fhave I seen his mind weary; never 
have I seen his mind without spring; 
not in strain of body, or wrath, or the 
most violent exercise.’’ Even his ene- 
mies declared that his capacity for work 
was beyond compare and equal at least 
to four men in one. 

While he slept from six to eight hours 
in the twenty-four, when aroused at any 
moment of his slumber he was in perfect 
possession of his mental powers, and 
could sleep again at will. If compelled 
to go long periods without sleep, he al- 
ways made up for the loss. After times 
of great fatigue ‘‘he condemned him- 
self to twenty-four hours of absolute 
rest,’ and on one occasion he slept for 
thirty-six hours. 

_ When at home he arose at about seven. 
He spent much time over his toilet, for 


he was exceedingly careful of th 
liness of his person. He was ver 
ful of his teeth, which he kept in | 
ful condition. He had brought 
the East the habit of having 
massaged, and the more vigoro 
was rubbed the better he 
‘‘Harder!’’ he would say to his 
‘‘harder! as though you were r 
an ass!’’ His bath was complet 
a sprinkling of Cologne water of 
he was very fond. 


He gave very little thought to his 


ing. He ate very hurriedly, sp: 
only from seven to a dozen mir 
the table. He preferred plain dis! 
was especially fond of fricasseed 
Red mullet, roast mutton, beans, | 
and macaroni with Parmesan che 
also favorite dishes. Of roast m 


ate the ‘‘brownest’’ part and h 


horror of meat underdone. He 
drank anything but a half bott 
Chambertin wine at meals, diluted 


water. After breakfast and dinner 


took one cup of strong coffee. B 
his three meals he often had ec} 
or ices, of which he was very 
served in the midst of his work 
never complained of what was s 

him, and sometimes in his abst: 


he was not aware that he had d 
His digestive organs occasionall) 


belled against his hasty eating, 
recognizing that they knew what 


were about, he, by way of cure, ¢ 


eating, drank copiously of barle) 
and took vigorous exercise, riding 


back at high speed for twenty or t 


miles. 


The notion that Napoleon was su! 


on a few occasions to epileptic fits 
to have arisen from the secrecy 


tained by his suite over sudden and }! 


trating attacks of indigestion. 


He found his chief pleasure in v 
but ‘‘air and exercise were necessar! 
his existence, and the privation of t! 
from rain or any other cause, mad: 
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nly disagreeable but really ill.’ 
entered into sports with boyish glee. 
favorite game of his suite during 
ippy days of the consulate was 
er’s base. Napoleon was not very 
and in running often fell down, 
picked himself up again with 

its of laughter. 
He used a great deal of snuff, but only 
bringing it to his nose, smelling it 
letting it fall from his fingers. 
in his opinion, ‘‘was good 


oh) 


Smoking, ”’ 
for nothing but to entertain idlers. 
His senses were exceedingly keen; the 
chtest bad odor was sufficient to upset 
greatly; the smell of paint made 
He was fond of the perfume 
and cologne con- 
but some perfumes were in- 

erable to him. He was very sensitive 
“old; he often had a fire on the hearth 
July, and, except in the hottest 
ither, he had his bed warmed. He 

1 a horror of impure air, and he 
turned pale at the remembrance of blood 
ering his hand from a wound on a 
frend. When with the army, all this 
sensibility was suppressed and he 

ld stand more of the painful and dis- 
creeable than any common soldier. In 
field he went to sleep at seven and 
gan his tireless labors again at one in 


1 sick. 


wood used 


aiOt 


morning. 

He was always more or less nervous 
ind irritable; he often bit his nails, and 

had the habit, when absorbed in 

ught, of shrugging his right shoulder 
nd at the same time moving his mouth 
irom left to right. 

While his enormous energy spent it- 

f chiefly in work, it sometimes burst 
‘orth with voleanic fury; in one of these 
explosions he kicked over the table and 
smashed the china, and on another oc- 
sion he planted his foot with tremen- 
lous foree against the abdomen of Sena- 
tor Volney, much to that gentleman’s 
lsecomfort. His pulse was slow, be- 
tween fifty and fifty-five, and even in his 


peen sell 


fits of rage hi 
contained, as he never felt his heart 


beating and his valet noted that th 


race 


blood never rushed to his 
Napoleon grew heavi 


As emperor, 
in body, and h 
or ridiculed according to the attitud 
Queen Louise admired hi 


was pr LIS¢ 


ls appearance 
ude < f 
the witness. 
head as ‘‘that of a 


ting, who was more sincere, 


‘Caesar,’ ’’ but he 
lady in wa 
said he was ‘‘excessively ugly, with 
a fat, 
hort werr eornulent s wien. wit 
short, very corpulent and entirely with 
becoming ol 


opese, 
picture of hea 


swollen, sallow face: he was 


out figure.’’ He was 
but was otherwise the 
and strength. The 


fathomless eyes were as marvelously ex 


keen, melancholy, 
pressive as ever, and his voice was, even 
to his valet, ‘‘of such beautiful quality 
that, however softly he speaks, it goes to 
the very depths of the heart.’’ 

In 1807, in his thirty-eighth year 
Napoleon wrote to his brother that his 
health Percy, 
of his this year 
said, ‘*The 
soul and body, 
galloping about in all weathers, bivou- 


was never so good. one 


surgeons, writing in 


made of iron, 


Emperor is 
always on horseback, 
acking, working like ten men, never ill, 
never tired.’’ In September, 1809, Na 
poleon again speaks of his health as per- 
fect in a letter to Josephine, and in this 
year he was capable of riding ninety 
miles on horseback, without stirrups, in 
five and a half hours, but in two later 
letters in that year he mentions being 
ill. In 1810 he speaks in his letters to 
her of his health as only ‘‘fairly good’’ 
or ‘‘pretty There 
this time, a decline of his health 
and vitality, and with this, of his power 
for uninterrupted work. 

There was no particular ailment which 
depressed him, but doubtless his grow- 
ing obesity, against which his physician, 
Corvisart, had warned him, was at the 
bottom of it all, for it was by no means 
a sign of health. This condition indi- 
cated that he was eating more or taking 


was, from 


good.’’ 


slow 
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less exercise or both. Surrounded with 
every luxury, the emperor was not so as- 
eetic as the first consul. He partook of 
pastries and fancy dishes as well as of 
plain foods, though it can not be said 
that he acted the epicure except, per- 
haps, on one or two occasions when he 
seems to have been at a loss for other 
means of passing his time. Judged by 
the standard of the times he was still 
temperate in both meats and drinks, 
though the standard was not the best. 

He had some minor ailments, hemor- 
rhoids and possibly bladder trouble, and 
for these he spent more and more time 
in hot baths. Neither the complaints 
nor their treatment conduced to bodily 
activity or to loss of fat. 

His mind seemed about as active and 
tireless as ever. His ambition and im- 
agination, in fact, outstripped all possi- 
bilities, and the failure of the Russian 
campaign was due more to attempting 
the impossible than to any physical 
lapse, though some critics find him want- 
ing in old-time vigor and care for de- 
tails. His way was certainly not so 
clear or so easy as in earlier campaigns, 
and he hesitated and sat idle where 
previously he had acted. 

He had, at this time,. become slow 
in all his movements. There was no 
sparkle in his eye and his expression 
was dull. ‘‘ His lassitude was noticeable 
and when he roused himself it was often 
for trivialities.’’ Nevertheless, this was 
merely a lapse from Napoleonic, and not 
ordinary powers, and on the retreat from 
Moscow ‘‘he shared for days the com- 
mon hardships of his soldiers, and even 
marched for hours through snow and 
mud without showing signs of physical 
or nervous exhaustion.’’ 

In the Dresden campaign of the fol- 
lowing year the signs of weakness were 
more marked. He favored his health, 
postponed operations on account of rain 
and ‘‘seemed beset with alternate lassi- 
tude and energy.’’ At Diiben he could 
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not make up his mind, and sat 
days on a sofa with dispatches 
lating before him, engaged in 
capital letters on sheets of paper 
far mental and emotional facto) 
having to do with immediate events 
tracted him at this time can rn 
sifted from the effects of purely 
condition. 

Sir Neil Campbell, the Enclis 
bassador, said of him, during 
prisonment in Elba, ‘‘I have n 
a man with so much activity a: 
less perseverance: he appears 
pleasure in perpetual movement, 
seeing those who accompany hin 
under fatigue.’’ Nevertheless 
easionally falls into a state of i 
never known before, and somet 
poses in his bedroom of late for s 
hours a day; takes exercise in a carr 
and not on horseback. During 
ten months at Elba he became ver’ 
and his cheeks puffy.’’ Mollien 
his cabinet ministers, noticed tf] 
Elba ‘‘a kind of lassitude, never | 
before, took hold of him, after 
hours of work.’’ 

The Waterloo campaign, the 
tell us, was planned with consum 
brilliancy. On June 12 Napoleon 
in his landau seventy miles and ‘‘ 
next day he got through an immens had | 
amount of work.’’ On the fifteent ind i 
was in the saddle for nearly eight tendec 
hours, except for one short period of res’ of his 
when he fell asleep. That night ° On 
was overcome by fatigue’’ and the 1 
day was still very weary and did 
exert himself until two-thirty, when 
rode through a time of terrible heat 
til night. On the morrow 
showed fatigue. Whatever 
mental and emotional states may 
had to do with it, the physical Nap 
of Waterloo was not the physical 
poleon of Austerlitz. Nevertheless 
was still Napoleon, and Waterloo, des; 
the mistakes he may have made, ¢a! 


Con 


rmet 


From 


servat 
sumpt 
ared 
emboc 
he again Roseb 
of a ¢ 
ind d 
the or 
Na- f his 
years 
passe 
writin 


conflicti! 
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l-nigh being a victory for the French, 
1 had it been so, his exhibition of un- 
sual fatigue would hardly have been 
rded. 
After the battle the defeated man 
s prostrated, body and soul. His re- 
ieefulness, physical and mental, was 
-the moment in abeyance. The fail- 
re of his achievement to keep pace with 
s flights of imagination was more than 
eould bear, and he was aware that his 
pportunity to recover his place in the 
rid was past. 
As prisoner of the English, at the age 
forty-six, he appeared to Captain 
faitland a ‘‘remarkably strong, well- 
iit man, about five feet seven inches 
ch {five and a half inches, according 
Constant], his limbs particularly well- 
rmed, with a fine ankle and a very 
small foot. His hands also were 
ry small, and had the plumpness of a 
man’s, rather than the robustness of 
,man’s. His eyes were light grey, his 
teeth good, and when he smiled the ex- 
pression of his countenance was highly 
leasing; when under the influence of 


lisappointment, however, it assumed a 


lark, gloomy cast. His hair was of a 
lark brown, nearly approaching black, 
nd there was not a grey hair among it. 
From his having become corpulent, he 
had lost much of his personal activity, 
md if we are to credit those who at- 
tended him, a very considerable portion 
of his mental energy was also gone.’’ 

On shipboard his health was, to ob- 
servation, excellent, despite a heavy con- 
sumption of meat. At St. Helena, com- 
ared with other men, he was still the 
mbodiment of vigor, and, to quote Lord 
Rosebery : ‘‘One is irresistibly reminded 
fa caged animal, walking restlessly up 
ind down his eonfined den and watching 
the outside world with the fierce despair 
{his wild eye.’’ During the first four 
years of his confinement he ‘‘ practically 
passed all his days in his hut, reading, 
writing, talking withal bored to 


death.’’ The chief 
the arrival of 
himself up with them for days together 


event was 


books : he ‘shut 
—bathing in them, revelling in them, 
feasting on them.’’ he read for 
When 


rey 


ten or twelve hours at a stretch. 


he was not reading, his restless en: 
found vent in dictating his memoirs, and 
he dictated with a vengeance.’’ On 
kept the 
taries flying for fourteen 


one 


oceasion he his seers 


pens of 
hours, only 
pausing long enough to read what had 


} 


been written. He sometimes dictated all 
night. 

He would not 
hated to be reminded of his imprison 
health from 
was troubled much 


stir abroad because h 


ment, his suffered lack of 


exercise and he wit! 
scurvy, indigestion and headaches. H¢ 
constructed a sort of exerciser of two 
beams of wood which worked like a see 
saw, but this did not make up for lack 
of out-of-door life 

In his with his phy- 


sicians he showed his characteristic acute 


conversations 


insight into the medical practice of the 
day. The believed 
largely irrational, and he considered in 
discriminate the chief 
edy of the time, the waste of so much 
life fluid. the 
surgeons as being founded on definite 
principles. He said he 
emperor studied anatomy for a time, but 
the the Meneval 
says they were too 
much for and 
he gave it up. 
physician in his employ, he usually re- 
lied on the efficiency of his own simple 
remedies drinking abundant 
water, exercise and hot baths. 

‘With his restless energy thrown back 
on himself, he was devoured by his in 
troverted activities. He took the morbid 
satisfaction of a martyr in the ailments 
brought on partly by his confinement, 
and more by his rebellion against it, but 
finally in his last year, relinquishing the 


use of physic he 


bleeding, rem 


He praised the work of 


had himself as 


sight of specimens 


wax models) was 


delicate sensibilities 


Though he always had a 


his 


fasting, 
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dreams of a return to former glory, he 
ceased his self-commiseration and deter- 
mined to live again. He rode horseback, 
but his main interest was in his gar- 
den.’” Conspicuous in red slippers and 
vast straw hat, and surrounded by his 
valets, stablemen and a gang of Chinese 
laborers, ‘‘he would plan and swelter 
and dig; for to dig he was not ashamed.’’ 
He gardened as he had done everything 
else, on a Napoleonic scale and with 
Napoleonic impetuosity. The fearful 
Governor Lowe wrote on December 1, 
1819, ‘‘Nothing can exceed the bustle 
and the activity which has been recently 
displayed by General Bonaparte, in giv- 
ing directions about his flower garden, 
and superintending the workmen em- 
ployed at it. He is hemming it in all 
around with as bushy trees and shrubs 
as he can get transplanted, and with sod 
walls so as to screen himself so far as 
possible from external observation.’’ 
Individual as well as general history re- 
peats itself, and Napoleon was shield- 
ing himself from the public gaze as he 
had done from his fellow students in his 
youthful years at Brienne. 

His health had been declining grad- 
ually, but it was not until late in 1820, 
at the age of fifty-one, that the symptoms 
of his fatal malady became prominent, 
and it was only in April, 1821, that the 
seriousness of the ailment was realized 
by his physicians. He died on May 5 of 
eancer of the stomach, having retained 
extraordinary vigor to the last. At the 
postmortem examination all the organs, 
except the stomach, appeared sound, and 
his body, ‘‘far from shcwing the emacia- 
tion that usually results from prolonged 
inability to take food, was remarkably 
stout.’’ 

The physical Napoleon is not a strik- 
ing figure in size, symmetry or in display 
of muscular prowess. What impresses 
us is his astonishing vigor and endur- 
It was through these that he was 
Such a possession comes 


ance. 
Napoleon. 
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through heredity and not by 
Given such an inheritance, how 
requires some care to bring 
turity, and it is significant that 
earlier years he set for hims 
standard of temperate living. 

It is to be noted that Napoleon’s 
nomenal powers of endurance 
developed on the athletie field 
he had the routine work of th 
school he slighted some of his op; 
ties for physical activity, and, 
football and tennis were favorite 
we are not told that he figured in ei 
Such an insignificant-looking y 
would be an unlikely candidate { 
*‘team’’ in our modern 
play was chiefly mental, and his 
ratus, books; but he stored enorn 
serve of nervous energy. In this: 
he resembles such other mental 
as Michelangelo and Titian, J 
and Scott, Beethoven and Brahms 

His capacious nervous syste! 
backed by a vegetative machinery 
was perfect. He took fastidious car 
his body in many ways, and d 

ad he realized the possible effects 
obesity he would have attempted t 
rect that condition. He was not a 
of intemperance in eating even 


colleges 


enemies, and until he became emper 


he certainly did not eat for pleasur 
that he might get the eating don 
be at work. 
cohol and never in his darkest n 

resorted to the use of narcotics. He 


sidered smoking a waste of time. 


] 


uu 


He hated the abuse of a 


Even as emperor, while he allowed bis 


ailments and growing sensitiveness 


discomfort to have some ascendanc} 
his former simplicity of living, h 


as compared with other men, in compara 


tive vigor and health to the last. 


The bodily unfolding of Napoleon kep' 


pace with the successful working out 


his ambitions and declined apace ¥ 


the two could no longer keep compan) 
Nothing is so conducive to health as 
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rbing and satisfying work, and no 

n ever had vaster dreams or realized 

more fully up to the time of the 

ire. Thereafter he dreamed, but his 

sions Were more than even he could 

< out, and he became confused in the 

re he had created for himself. He 

as thrown back upon himself with dis- 

trous friction in his nervous ma- 
hinery. 

The effect of all this culminated at 
Waterloo. The corpulent figure with 

ad sunk between his shoulders, pre- 
vented from falling from his horse by 
trusty hands on either side, was but par- 
tially that of a man in diminished health 

r extreme fatigue. It was more that 

a man for whose still phenomenal 
ergies there was, so far as he could 

no outlet. Emotions will depress 
more than work, and the sight of his 
shattered army was too much for the 
man who, ten years earlier, knew no such 
thing as exhaustion of bodily or mental 
resources, 

There were moral factors also that 
must have affected his physical nature. 
He is said to have come to hate war, and 
we know that he mourned over the loss 
f some of his generals. The divorce of 
Josephine was a wrench. He 
must have felt the emptiness of his 
‘“suecess,’’ and not even his fancy could 
smother the fact of the instability of the 
position he had reached. It is little 
wonder that he became more and more 
irritable and was to his marshals a ‘‘ very 
devil of a man.’’ 

There has been much discussion and 
disagreement among the critics of the 
battle of Waterloo as to whether the re- 


severe 


sult was influenced by Napoleon’s bodils 
ailments. A battle is a 


piece of business, and Waterloo was no 


complicated 


exception 
**In your profession, if you were « 
to fall ill, you would be a ruined 
Thus did the father of Michelar 
warn his son; but if illness could so af 
fect the fortunes of an artist, how mucl 
more serious the slightest fall below 
must have influenced the career of Na- 
poleon on that fatal field. 
More has been written about 
than about other 
times, and for the reason that he always 
His physical career, 


Napoleon 


any man of modern 
remains a mystery. 
being bound up with the rest, partakes 
Was the clockwork of 


heredity 


of that mystery 
his bodily machinery set by 
for an early decline of his unheard-of 
perfection? Did that powerful machine 
burn itself out from very intensity of 
activity? Was there a decline due to a 
the 
earlier days and negligence of certain 


forgetfulness of asceticism of his 
physiological laws, and can soft living, 
ecorpulence and some trifling derange- 
the falling of his 
Did pangs of conscience cause a 


ments be blamed for 
star? 


disastrous grinding of his nervous ma 


chinery upon itself, or was it simply tha 


the balance of political conditions in 
France and in Europe had finally fallen 
beyond his control? Probably all these 
factors combined to shorten the meteoric 
eareer of this man of whom Lord Rose- 
bery wrote: ‘‘Till he had lived no one 
could realize that there could bs 
such prodigious vitality of mind and 
body.”’ 
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TRUE appreciation of any form of In other words, the emanations 
animal life is quite impossible unless we the sun make possible the physica 
constantly bear in mind the intricate esses and chemical reactions on 
and varied contacts of that form of life the existence of the butterflies depe; 
with other forms of life, both animal And besides this, the element of 
and vegetable, and also with the inani- so far as it affects life, is an astro) 
mate or inorganic world. cal phenomenon dependent upon 
In order to understand and to appre-_ spinning of the earth upon its axis a; 
ciate the intricate nature of the com- on its course about the sun. 
plex, both living and non-living, that Weather and climate play an 
enmeshes every type of animal life, tant part in directly affecting the 
holding it rigidly to its proper and ap- of all the butterflies. They also 
pointed place in the cosmic plan, we them indirectly through their act 
may consider the numerous and varied the sea, in some cases thousands of n 
contacts of a butterfly. away. As an example, the alpin 
Did you ever realize that for their ex- terflies on the mountain tops in s 
istence butterflies depend upon the sea? central Asia depend on snow and 
The young of butterflies are known which is brought to that region in 
to us as caterpillars. Caterpillars eat form of water vapor by the higher . 
leaves—or at least the great majority rents of the air from the Atlantic Oc 
eat leaves. Leaves are produced by across the plains of Europe and of wes- 
plants. In order to grow, plants must tern Asia. 
have water. Water comes to them in Soils are formed from the disintegr adem 
the form of rain. Rain is moisture con-_ tion of the rocks. Rocks are continu *- 
densed from the air passing in the form breaking up and being washed away as male 
of winds above the earth. Most of this mud or sand or gravel. In this w ; 
moisture gets into the air through evap- formed the basic food of the plants w!) 
oration from the surface of the seas support the butterflies. 
which cover seven tenths of the area of Besides this, the muds and sands a! 
the world. gravels deposited in water are continu shew 
So there really is a close connection ally being reformed and consolidated chen 
between the butterflies and the ocean. into the so-called sedimentary rocks nick 
This connection is made up of many Once in a while a butterfly gets stuck 1 food 
links which involve almost every line of mud and covered up. This mud ma) fron 
science. later turn to rock. When this happens ance 
For instance, astronomy plays a part. we have a record of the sort of butter erat: 
The emanations from the sun provide flies that existed at the time when that A 
the energy by means of which the water rock was mud. It is quite unusual t eom: 
is evaporated from the surface of the find butterflies as fossils in the roc! lay 
sea, which causes the winds to blow, and though a fair number have been found Tr 
which, acting on the green substance in and studied. of | 
the leaves of plants, enables them to These fossil butterflies all belong t Cen 
form organic out of inorganic sub- that far-distant period known as t 
stances. Miocene and lived many millions 
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THE WORLD AND 
irs ago. In spite of their very great 
tiquity they differ very little from the 
is we know to-day. Most of their 

representatives, however, are 
1 in different regions. in 
‘olorado we find a type now confined 
o Africa, and in Germany we find other 
types which to-day live only in America. 
‘Most caterpillars are able to subsist 
nly on a very limited number of dif- 
ferent kinds of plants which are closely 
related to each other in their chemical 
The butterfly 
feeds only on cabbages and a few closely 


ving 


Thus 


omposition. cabbage 

‘ated plants and on nasturtiums. 

Some enormous groups of butterflies 
feed only on a single type of plant, 

e so-called Aristolochia 
which feed only on Arvstolochias, and 
iso our fritillaries, which feed almost 
exclusively on violets. Very many kinds 
of butterflies feed only on a single kind 

’ plant, like our beaked butterfly and 
tawny emperor which as caterpillars are 
found only on hackberry trees. But a 
few kinds of butterflies, like our com- 

m yellow swallowtail, feed on a very 
creat variety of different and unrelated 
plants, 

From this it becomes evident that fe- 
male butterflies must be expert botanists, 
for they must be able accurately to 
identify those plants which are suitable 
for use as food by the caterpillars of 
the coming generation. Or perhaps it 
should be said that they must be expert 
chemists, for they not infrequently will 
pick out a plant chemically suitable as 
food, but botanically widely different 
from any other plant which they or their 
ancestors—at least for thousands of gen- 
erations—could be supposed to know. 

As an illustration, the female of the 
common cabbage butterfly will freely 
lay her eggs on garden nasturtiums 
Tropaeolum) which belong to a family 
of plants (Tropaeolaceae) confined to 
Central and South America and not at 


as 


swallowtails 
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»auyv of the plants of the cabbage 


family (Brassicacee) upon which ordi 


narily this Old World insect feeds 


Butterflies have verv many enemies of 


The Aus- 


¢ 


itlvesS are very fond Ol 


. = } ] . 
everv conceivable description 


tralian n 
kinds of 


eertain 
butterflies, and 


they 


cient quantities. 


_ fo 
frrow a 


on 


them if ean get them in 
In Central 


and 5 
Africa 


caterpillars of several kinds of butter 


America and especially in 
flies used to be—and in some places still 
are—in much demand for food 

Certain bats are very fond of butter- 
shrews eagerly de- 
feed 


largely, on 


and 
Some 


flies, and mice 
them. 
the 
small 


vour birds partly, 
them 
the 


them 


and in 
Certain 


tropics 
some of 


and 
fond of 


lizards 


smaller snakes are very 


Among their insect enemies are man 
tises, various predacious bugs, robber 
flies, dragonflies, hornets, ants and the 
so-called caterpillar wasps. 

But their worst and most destructive 
enemies are various sorts of small wasp 
like flies which lay their eggs upon or in 
their their their 
chrysalids. The whic] 


hatch the 


caterpillars or 


eggs, 


small 


maggots 


from minute eggs of 


r 
t 


tents 


r 
parasites feed upon the con 
r of the butterfly or upon the ji 


‘ 


eg ices 
of the caterpillar or upon the contents 
of the chrysalids. Some of the true flies 
which in their appearance are much like 
little blue-bottles also have this parasitic 
habit. 
terflies 


nematode 


And besides these enemies but 


have many more, for instance, 


worms, gordian worms, bac 
teria and protozoans, spiders and mites 
and sometimes even mosquitoes 

Such in brief are the more important 
eontacts of a butterfly. In considering 
the 


stantly to bear in mind that every sort 


living world it is important con 
of animal, no matter what it is, has just 
as many and just as varied contacts as 


has a butterfly. 
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WE have been told by writers all over matics, physics and chemistry. T wa 

the world that this is the age of spe- they are specifically requesting t} “i 

cialization. Success comes to those who specialized work of any kind be req a 

know considerable about one small, nar- in the curriculum. There is a mark : 

row field and little or nothing about tendency on the part of these indust: ried 
many fields. This doctrine has been men to select for research and dey 


preached in the universities of the coun- ment boys who have been trained in ¢ C 
try. Even our science students have chemistry or chemical engineering . 





been led to believe that success in ap-_ ricula simply because these boys ar: aa 
plied science depends on rigid specializa- ter educated in the fundamental! sx ties 
tion. Young men who intend to go into ences. The engineering student is b fail 
research and development work in in- used as an operator in the plant or as ont 
dustries, especially work involving phys- mechanic in the development divisi ro 
ics and chemistry, have often been told The young physicist is used sparingly iy vi 
that they must become experts in some the research laboratory and could — 
narrow field of physics or chemistry be- used to a far greater extent if he would put 
fore they can possibly hope for success. be willing to acquire a fundament rat! 
The actual experience of our graduate knowledge of chemistry. oa 
students in industry has been quite to This refusal on the part of the en; all 
the contrary. The specialist in research neering student and the physicist | Fin 
and development in the industry has accept chemistry as an important stud nt 
rarely been successful, Whereas the boy is very interesting from a psycholog The 
who had a good fundamental knowledge standpoint. On the other hand, the stu the 
of science and who was not anxious to dent of chemistry is very anxious t oil 
specialize in any particular branch was acquire all the physics that he possib); tim 
easily adaptable to any research inves- can. He is even willing to take as a test 
tigation and was frequently highly suc- elective course something which involves deti 
cessful in his work. the application of physics, for exam ap 
The difficulty seems to lie in a lack of courses in mechanical engineering and to 
appreciation of the time necessary to electrical engineering. He does no! a 
make a specialist. The prominent spe- however, consider these courses of great aaa 
cialists to-day have spent their entire fundamental importance even thoug ee 
lives acquiring the necessary knowledge they may be extremely interesting. = 
to attain the position they now occupy. It is also interesting to note why it 1s k 
Four to seven years in a university will that specialization in education as r this 
never produce a specialist of any im- gards applied science is often fatal ir reft 
portance. research work. The reason is extreme! teck 
The industries appreciate this condi- simple. The research problems of in- The 
tion, and there is a marked tendency in dustries refuse to stay within the narrow da 
the last two or three years on the part limits of a definite applied science field this 
of research directors and employment Steel manufacturing, for example, may hate 
managers to ask for students who have involve problems in bacteriology. OU» the 
had a thorough fundamental education would hardly criticize the young man the 
in the three common sciences—mathe- who was going into steel manutac- as 
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ture if he failed to take a course in 
hacteriology. 

Another factor involved in specialized 
edueation is the question of placement 
of the graduate. It is the common oc- 
eurrence that a young man who is 
trained for one particular industry has 
a very good chance to go into some other 
industry. Over half of the graduates 
of one of our most specialized engineer- 
ing institutions go into a different line 
from the one for which they were 
trained. 

Some years the electrical engi- 
neering department in one of our uni- 
versities took over the problem of inves- 
tigating the cause and prevention of 
failure of electric cables. The investi- 
gators were electrical engineers and they 
found, first of all, that it was necessary 
to devise a machine that would detect 
insulation flaws in a cable before it was 
put in service. This proved to be a 
rather difficult problem. A _ physicist 
well trained in electrical physics was 
called on to aid the investigators. 
Finally the problem of producing a test- 
ing machine for this purpose was solved. 
Then it became necessary to investigate 
the cause of insulation failure after the 
cable had been in use for a period of 
time. It was hoped that a method of 
testing could be devised that would pre- 
determine the failure of insulation after 
a period of use. Chemists were added 
to the investigational staff, and this 
work is now in progress. It may be 
necessary to add botanists and other 
scientists before the problem is finally 
solved. 

For many years ice manufacture in 
this country has been in the hands of 
refrigerating engineers as far as its 
technical development is concerned. 
These gentlemen are the type of men 
who have confined themselves largely to 
this one industry. Naturally their 
knowledge of physics and chemistry on 
the whole is limited. Development of 
the refrigeration industry has been 
along mechanical lines. At the present 


ago 


~<e 
09 


time in this country there are probably 
ten thousand ice plants that are operat 
ing at a ' 
water difficulties. The am 
salt and the character of the salt 
in the water determine 
clear salable cake of ice can be 

Distilled 
often 


very low efficiency because 


unt ol 


whether or 1 


ordinary methods. 
but is : 
localities where the raw water is no 


expensive, necessar 
for ice manufacture. 

investigation 
headed by a physical chemist has been 
undertaken to study the water treat 
In less than 
a fun 


Recently a research 


ment for ice manufacture. 
a year, treating the subject from 
damental scientific standpoint, it was 
discovered that all 
acted upon that they will make satis 
factory, clear, transparent ice without 
distillation. A study of 
the ¢: 
indicated 


waters can be so 


resorting to 


growth showed 


iuse ( 


crystal 


opaque ice and also several 
methods of prevention. 
solubility resulted in a new method of 


removing sodium salts from water even 


A study of salt 


when present in relatively small quan 
without resorting to 
It is interesting to remember 
brought 
will 


tities expensive 
reagents. 
that this 
within a 
revolutionize a large proportion of the 
ice plants in this country, and that 


investigation results 


year which completely 
this 
research work was done by a young man 
had a fundamental training in 
science but who had never seen the in 


who 


side of an ice plant and who was not 
even familiar with any phase of refrig 
erating engineering. 

For many years steam boilers in this 
country have blown up for one cause or 
another. peculiar 
kind of cracking was noticed in boiler 
shells which often proved 
This type of cracking, now known as 


Some ago a 


years 
disastrous. 


embrittlement, has been found in a great 
many boilers throughout this 
and abroad. Mechanical engineers and 
metallurgists have made 
tempts to solve this problem without 
any apparent success. 


country 
serious at- 


A few years ago 
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an investigation was started headed by 
an industrial chemist, a young man who 
had a thorough training in science and 
some research experience in various in- 
dustries. To-day the cause is known to 
be concentration of caustic in the boiler 
water within a seam coupled with phys- 
ical stress. The prevention is quite ob- 
vious. It is necessary to precipitate 
within this seam some solid material 
which is inactive towards the steel but 
will prevent accumulation and concen- 
tration of sodium hydroxide in the same 
space. A fundamental study based on 
the solubilities is all that is necessary to 
give a thorough understanding of the 
problem and indicate a_ satisfactory 
remedy. 

There are many other cases which in- 
dicate quite clearly the importance of a 
fundamental training in research in- 
volving great industrial problems. An 
excellent recent example is the determi- 
nation of the cause of corrosion by flue 
gases in our great power-houses. It has 
always been thought that sulphur oxides 
or sulphurie acid was the primary cause 
of corrosion of economizer tubes, ete. 
A fundamental study by a young man 
thoroughly trained in chemistry, physics 
and mathematics has indicated that sul- 
phurie acid alone is of very little impor- 
tance; that a solid material, ferric sul- 
phate, is largely responsible for the 
corrosion of the steel tubes. 

It is interesting to note that the type 
of problems mentioned above when once 
successfully solved represent an actual 
financial return of over a million dollars 
per year. This sum does not represent 
the entire benefit derived from such re- 
search but represents only the benefit 
derived by a single company from a 
single research project. Furthermore, 
the amount represents the tangible value 
of the benefit and does not involve such 
items as good-will. 

There seems to be no question but that 
the research worker, young and inex- 
perienced though he may be, who is well 
trained in fundamental science is quite 
able to do research work which has im- 


mediate application and is 
financial value. 

If one is willing to recognize t} 
statement, it then becomes an inte: 
topie of discussion as to why our « 
tional institutions should continy 
train a great many bright, 
young men in applied subjects 
they have little or no chance 
using and at the same time fail + 
them in the fundamental sciences 
viously it has always been maint 
that the young man who has 
trained only in the fundamental s 
is unable to do work of practical 
tance. Experience in the last few 
especially in the chemical and allied 
dustries, has proved this statement 
be absolutely incorrect. These 
tries have found that only th: 
man who is giving his entire tim: 
attention to fundamental subjects 
been equal to the task set before him 
the research and investigational depart 
ment of our great industries. Mam 
the industrial executives appreciat: 
fact, as is illustrated by the tremend 
demand for a young man trained i 
fundamentals. The universities, « 
other hand, have been slow in coming 
this conclusion, and we still find 
mous sums of money spent for t! 
cation of youths along the so 
practical lines. These boys end up 
operators and usually finally leave t! 
profession for a business career in or 
to make more money and at the san 
time have an opportunity to utilize thei 
natural ingenuity. 

This is not exactly a pleasant fact 1 
face. Furthermore, we can not hop 
that our great universities will chang 
over abruptly in the near future to 
more sane view-point of education. 
in all large institutions, developments 
within their organization are slow. |! 
will take many years before the prin 
pal educational institutions in this cou 
try will realize that a broad training | 
the fundamental sciences is far super! 
to premature specialization for the bo; 
who wishes to do industrial research. 
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SOMETHING ABOUT VITALISM AND 
MECHANISM 


By EDGAR F. GROSSMAN 


FLORIDA EXPERIMENT 5S 


S. DEPARTMENT 


TuereE is life in a chunk of copper. 
Must we revere it, add its perplexities 
things which transcend our 
understanding? Should we accept it on 
a par with animal and plant life, de- 
seribe and index it? Or can we ignore 
it, turn it over to the vitalist, the 
mechanist, and quietly watch the ensu- 
ing controversy? Rather than be served 
with predigested food let 
examine the dogmas of the past, 
tenets of the present. 

Disregarding earlier culture than that 
of the Greeks, we are led to believe that 
many perplexing phenomena were given 
anthropomorphic mythological ex- 
planations. From these explanations a 
crude form of science emanated. Then 
followed a more critical observation and 
study of the phenomena of the heavenly 
the first evidence we have of 
scientific ideas, which laid the founda- 
tion for astronomy, a science. Never- 
heless, it was not until Aristotle (384—- 
322 B. C.) advanced the first pure line 
of reasoning that mythology began to 
give way to science. Beginning at this 
point, I shall try to catalogue some of 
the more important scientific advances 
made by man in approaching our mod- 
ern concepts, it altogether 
through the development of science that 
the vitalist and the mechanist became 
convincingly contradictory. 

Aristotle, cited by the vitalist, upheld 
the following concrete views: That the 
universe is made up of nature, God and 
man; that nature, definite combinations 
of the four elements classified by Em- 
pedocles (450 B. C.) as earth, water, 
air and fire, plus Aristotle’s thoughtful 


those 


mental us 


the 


or 


bodies, 


since is 
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OF AGR 


addition of ether and stars, n 
animals, plants, water, 
and that God 
known effects, and man 1s a combination 
of the natural and divine; tha 


are 


earth, { 
the cau 


Stars ; is se ot 


t plants 


organisms with a nutritive 
animals, organisms which have 
oretice and locomot 


tive, sensitive, 


soul; and man, an organism which has 
the aforementioned characteristics plus 
a rational soul, styled the intellect ; and 
finally that it is the intellect through 
which man approaches God What a 
paradoxical nicety ! 

Though tl 


the by 
totle and 


subsequent 


Aris 


steps 


advances made 
the 


hesitatingly taken by science have been 


many 
summarily retracted, it is interesting to 
note that the contributions 
Euclid (third B. C 
regarded as either the discoverer or com 


made by 
century who 1S 
piler of Euclidean geometry, continued 
in for It 
startling fact that now, however, we are 
forced to admit that Euclidean geometry 


use twenty centuries. IS a 


is used as a matter of academic conve 
nience only, since we must rely on an- 
other system of geometry to include the 
We 


phenomena of the universe. must 


now take cognizance of the geometrical 


difficulties peculiar to each of the other 
planets. 

Equally interesting is the 
and hydrostatics 


with Archimedes 287 


origin of 


which is 


212 


a xioms 


mechanics 
identified 
B.. tude presented 
First, that equal weights placed at equal 
distances from the point of support of 
a bar will balance; and that 
equal weights placed at unequal dis- 
but that which 


who two 


second, 


tances do not balance, 
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hangs at the greater distance descends. 
How easy and diabolical it would be at 
the present time to confuse Archimedes 
by introducing magnetic or electric in- 
fluences, which were unknown to him! 

Though Lucretius (98-55 B. C.) was 
essentially a poet, it is quite possible 
that he reflects the ideas of his con- 
temporaries in stating that all forms of 
life merely appeared, while only those 
fittest to survive persisted and reared 
offspring. He furthermore denies the 
doctrines of supernatural government 
of the world and a future life. These 
ideas, ignored through centuries, appear 
to be somewhat similar to those held by 
some of the present-day emergent evolu- 
tionists. 

The Dark Ages, or perhaps more accu- 
rately the period of ecclesiastic enlight- 
enment, took firm hold on thought and 
put an abrupt stop to any undesirable 
controversy between vitalists and em- 
bryo-mechanists. Likewise the use of 
experimental methods for exploring the 
secrets of the natural phenomena was 
completely discouraged because experi- 
mentation was considered a danger to 
theological orthodoxy. A review of this 
attitude of intolerance, which so thor- 
oughly stagnated scientific research, 
undoubtedly antagonizes many modern 
scientists to such a degree that they 
unhesitatingly discard the  vitalistic 
view-point, feeling that vitalism is too 
closely bound to theology and meta- 
physics. There is a feeling of tolerant 
fondness, however, for the alchemists, 
who, even though their experimental 
efforts were tinged with mystical analo- 
gies, nevertheless carried on experimen- 
tal work for over three hundred perilous 
years, perilous merely because their 
work was not accepted by orthodox 
theology. 

A forward step was taken in the thir- 
teenth century when Aristotle’s philoso- 
phy, being duly reconciled and adopted 
by Christian theology, was reimported 


into the schools of Europe. 


Bacon (1214-94) showed a keen 
lect in working away from theolog 
metaphysics and in pursuing a stud; 
physical science by experiment in 
Aristotelian way. He fought the 
vation of science based on argum 
deduced from premises resting 
thority or custom, gave himself u; 
experimental research and lived 
eighty years old! 

The fifteenth and sixteenth centuri 
the Renaissance, ushered in many st 
ling scientific discoveries. Chief am 
the factors which made such dis 
possible were the temporary diminut 
in power of the papacy, printing, 
recovery of the Greek language and 1 
consequent spread of the naturali 
view of the universe which had 
current among the Greeks, instead 
the mystical view expounded by 
medieval schoolmen and _ ecclesias' 
Scientific research consequently p1 
pered under the leadership of such m 
as Leonardo da Vinci (1452-1519), w 
besides exhibiting many other 
plishments, followed mathematical 
physical research, grasping hold of 
laws and applications of mechan 
forees; Copernicus (1473-1543), w 
developed the heliocentric theory ; Fra 
cis Bacon (1561-1626), who set 
gain knowledge through experiment 
research as a corrective to medieval p 
losophy; Galileo (1564-1642), w 
paved the way for Newton by opening 
the science of dynamics, and William 
Harvey (1578-1657), who discovered 
the significance of blood and its circu 
lation. 

Newton (1642-1727), by discoveri 
the laws of gravitation, brought the s 
system into the cognizance of kn 
dynamical principles. James Hutt 
(1726-97) and Charles Lyell (179> 
1875), the founders of geology, ex- 
panded knowledge in time as enormous! 
as Newton had expanded knowledge 
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VITALISM 


joining in 


space. Laplace (1749-1827 
i] . tireless effort of scientists to elimi- 
nate the mystical, advanced the idea of 
primitive state of Seams 
which, by the action of known dynam- 


4 nebulosity 
ieal processes, the sun and planets would 

evolved. Lagrange (1736-1813), a 
mathematician, fitted the theory of 
mechanics to certain formulas. By the 
development of the calculus of varia- 
tions he largely verified the Newtonian 
heory. 

Galvani (1737-98), physiologist, cor- 
related the relations of animal functions 
) electricity, while Volta (1745-1827 
a physicist, conducted experiments on 
ontact electricity, and thus many more 
mysterious body functions were made 
mprehensible. Another step towards 
mental clarification was taken by Lavoi- 
sier (1743-94), a chemist, who 
threw Stahl’s (1660-1734) phlogistic 
loctrine and broke the theory that redis- 
tilled water would yield earth. One by 
ne the inexplicable mysteries of life 
which so grandly transcended human 
understanding were stripped of mysti- 
ism and subsequently clothed in sub- 

stantial scientific theories. 

Lamarck (1744-1829) explained new 
species on the theory of the effect of use 
and inheritance of acquired character- 
Darwin (1809-82) 
vival of the fittest and occurrences of 
“sports, ’’ Evolution, then, 
something which can make the theories 
if origin intelligible. Many other mys- 
teries were removed by Mendel (1822- 
54), whose work on inheritance was 
rediscovered in 1901. 
heredity yielded to a mechanistic ex- 
planation—the theory of the gene, to- 
gether with the concepts of the influ- 
ences of environment, presented formi- 
dable weapons for the mechanist. The 
Vitalist, though, can still challenge the 
inherited intellect to explain itself— 
demand an explanation, mechanically, 
for the intellect which Aristotle held to 


over- 


istics. offered sur- 
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The sacredness of 


AND MECHANISM 


be ‘‘that through which man approacl 
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Our ling of the na 


understan 
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Dalton (1766-1844), who devel 
atomic theory. Ampere 

established the field of elec : 
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a blow by 


netism. 1800-82) dealt 
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urea, thereby breaking down t 
held to 
organic chemistry, between lif 
life. Thereupon the 
bar of 


exist between organic 
chasm 
and animal 
and the 
longer he 
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greatly lessened idea 


ning the rift was no 
an enormity 
179] 


electric 


1867 cleared 


Karaday 
f 


duction o currents an 


magnetism. It is interesting 
that 
experimental research, 
belief in God 


Faraday, eminently suc 

held 

from whom 

emanated a power above us. 

quently found nothing incompat 

the idea of things that can be known by 

man-spirit and higher things that 

not be known by that spirit. 
Stokes (1819-1903 

98) and Kirchhoff (1824-87 

that the spectroscope gave 

the 

and 


Bunsen 


investigating chemical 
of the 
another set of phenomena under the con 
trol of 


removing the marvels of the firmament 


comp 


stars, and so brough 


sun 
terrestrial experiment, thereby 


which had completely transcended our 
understanding. 
Schleiden (1804-81 
in the obscurities of philosophical and 
and 


. before engaging 
discovered Ce lls 
determined that a 
inal 


historical studies, 
the nucleus and 
nucleated cell is the only or! 
stituent of the plant embryo. 
(1810-82) established 
cord in the plant and animal cell and 
nucleus, hence the cell theory and foun- 
dation of modern histology. Virchow 


Schwann 


unexpected ac- 
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(1821-1902), from studies of cellular 
pathology and classification of tissues, 
developed the science of pathology. He 
also placed the science of anthropology 
on a sound critical basis. These discov- 
eries naturally allowed animal and plant 
life to be unified and even supported the 
view that man was an animal—all this 
without the hue and cry of heresy. 

Pasteur (1822-95) ended the dispute 
on wholesale spontaneous generation. 
He not only revolutionized surgery but 
instigated studies in preventive and 
curative medicine. Not so well known 
and of less pertinent value to us legally 
is the fact that he created a new era in 
the brewing and wine-making industries. 
Weismann (1834-1914) developed the 
germ-plasm theory of heredity and with 
that indicated an earthly immortality of 
protoplasm—if we must have immor- 
tality. 

Gibbs (1839-1903), the founder of 
chemical energetics, was the first to 
apply the second law of thermodynamics 
to the exhaustive discussion of the rela- 
tion between chemical, electrical and 
thermal energy and the capacity for 
external work. J. J. Thomson (1856-— 
——), by continuing Faraday’s work, 
developed the electron, and Lorentz 
(1853———-) formed the theory of elec- 
trons within the atom. He suggested 
occasional instability of the atom— 
radioactivity—hence the chemical atom, 
hitherto believed indestructible and eter- 
nal, has succumbed to evolution. 

Maxwell (1831-79), by studies of the 
properties and velocity of propagation 
of light and electromagnetic waves, 
decided they were identical, thereby 
making light an electromagnetic phe- 
nomenon. Planck (1868— ) studied 
radiation and advanced the quantum 
theory, namely, that emission of heat 
radiation proceeds discontinuously, in 
quanta, while absorption is continuous. 
Lately, however, the applications of the 


revolutionary quantum theory ar 
critically quesiioned. 

Loeb (1859-1924) aimed at th 
distinction between living and dead 
ter. His working hypothesis was 
all living things are chemical mac 
and their workings are open to the 
mechanistic explanation as are 
machines made of inert matter. 
experimental researches with troy 
and artificial parthenogenesis ; 
much material for the mechanist. 

Sir Oliver Lodge (1851- 
took to reconcile science and ri 
His energies, first devoted to pi 
work in the field of wireless telegray 
later became involved in psychica 
search, in which field he endeavor 
discover a means of communication ' 
the dead. A quotation, however 
acquaint us with Lodge’s critica] 
tude. 

Speaking of cohesion, Sir Oliver Lodg 
remarked that it was as yet an inex] 
fact that when one end of a rod is push 


other end moves, to which Punch retorted t 


it was an equally inexplicable fact 
one end of a man is trodden upon the 
shouts. 


There, for the majority, ended a ser 
contemplation of Lodge’s challenge 
Many other workers contributed 
formation which led away from the 
terious unknown. Energy was stu 
and became as evident as mass, and 
mass and energy in the universe 


held to be constant, until the introd 
tion of Einstein’s theory of relativit 


Einstein is now said to have succe 
in devising 

which bring under a single set of |! 
the phenomena of electricity and 1 
netism with those of gravitation. 


doubtedly science has progressed rapid 


since the adoption of research met! 
demanding observation, hypothesis 
duction and experimental verificat! 


1 Swann, Science, November 2, 1928. 
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VITALISM AND MECHANISM 


With each scientific discovery the 
hanist naturally feels that the ulti- 

» explanation of the hitherto myste- 

is phenomenon is fundamentally a 
mechanical one. The ease with which a 
enomenon can be explained and un- 
rstood when terms of mechanical con- 
ntions are employed tends to convince 

e mechanist that he is presenting the 

st logical explanation available: this 
in noble contrast to the vitalist who 
must abide by a belief in the inexplic- 
ible, life. Ever since the adaptation of 
mechanical means of supplanting our 
muscular energy, we have been inclined 

view force as a mechanical concep- 
tion. Though magnetism or electricity, 
mpletely unknown and miraculously 
avoided, did not confuse Archimedes in 
rystallizing the idea of mechanics and 
hydrostatics, his followers were mysti- 
ed and misunderstood until they ex- 
plained these phenomena in terms of 
mechanics. Consequently the immediate 
difficulty facing the mechanist is that, 
though a greater signification may be 
reached by reducing all possible phe- 
nomena to mechanical conceptions than 
by employing mechanics in terms of 
electricity, magnetism or gravitation, 
mechanics is not philosophically the 
most fundamental science. 

The main question of vitalism, accord- 
ing to Driesch,? is whether the pur- 
posiveness in those processes is the result 

a special constellation of factors 
known already to the sciences of the in- 
organic, or whether it is the result of an 
autonomy peculiar to the processes 
themselves. He used the term static 
teleology to imply the meaning held by 
the mechanistic theory of the organism, 
and dynamic teleology to signify the 
vitalistie theory, ‘‘autonomy of vital 
processes, ’’ 

The vitalists are subjected to such 
conditions as these: that all believers in 


2**The History and Theory of Vitalism,’’ 
1914, 


epigenesis are vitalists; 


‘“‘unwelcome adherents’’ claim t 


vitalists ; that the theory of vitalism 
died or has not died, 
conviction of the vitalist, to be 


accoralng 


neovitalism. In othe 


lized in th 
the vitalistic theory has change: 


cept as much as science has; fact, so 
great are such changes that a person’s 
scientific or vitalistic ideas of a decade 
ago are not subscribed to to-day. That 
the mechanists similar 
difficulties is to be expected. 
In discussing the play ‘‘RUR’’ 

a friend, I pointed out that in the play 
mankind had created mechanical men, 


are faced with 


with 


robots, which carried on all 
and irksome tasks until they revolted 
and killed all mankind. It then 
merely a matter of time until the robots 
themselves would and wear 
We granted the possibility of making 
robots could be 
**baby 
idea of 


necessary 
was 


rust out. 
such robots, even that 
made which could make 
robots,’’ but balked at the 
making robots which could design or 
create other distinct types of 
Mechanies then, though carried to an 
astounding degree, would nevertheless 
lack a vital something. 

W. F. G. Swann, a physicist, gives a 
most timely warning to those who seek 
He 


things 


r¢ ybots 


extreme mechanists 


activities of 


to become 
divided the 
into three classes as regards their rela- 
First, the class which is 


living 


tion to physics. 
understandable in terms of physics or 
chemistry, such as cell osmosis; second, 
the class which has not been duplicated 
in the laboratory in such a manner as to 
provide a quantitatively satisfactory 
explanation of the actions of the organ- 
ism, aS many chemical reactions which 
take place in the non-living protoplasm 
but occur with increased velocity in the 
otherwise indistinguishable living. proto- 
plasm, and third, that class, if there be 
such a class, which comprises those phe- 


nomena of life which require a definite 
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appeal to a wider system of laws than 
those comprised under chemical or 
physical laws in the ordinary sense of 
the word. Quoting Swann: 


The fact that vital phenomena do not make 
themselves immediately evident in so-called 
non-living matter is no criterion as to the cer- 
tainty of their complete absence. It is, in fact, 
not inconceivable that the existence of com- 
pletely non-living matter as such would be un- 
stable, and that the living activity might in- 
crease, perhaps slowly at first, but possibly at 
an increasing rate, until, at any rate in the 
presence of suitable conditions and environ- 
ment, it finally attained a steady state in which 
there was a definite equilibrium between the 
living and the non-living matter. 


Jackson, a mathematician, writes: 


Having been impressed at an uncritical age 
with the principle of the conservation of en- 
ergy, I awoke to a painful realization that I 
did not know what energy meant, and the more 
I tried to find out, the more I was puzzled by 
the alleged importance of the conservation of 
so remote an abstraction, until it dawned on 
me in a flash of illumination that the impor- 
tance of energy lay in the fact that it was the 
thing that was conserved. The discovery of the 
existence of such a unifying permanence by the 
creators of the science was one of the things 
that made mathematical physics possible. It is 
not apparent that there exists any small group 
of variables sufficient to characterize the phe- 
nomena of a living organism. A physical body 
is more or less homogeneous, or can be so con- 
sidered for the purposes of argument. With 
an organism this is not the case. Statistical 
prediction deals with organisms in the mass, 
while our vital human concerns are with organ- 
isms as individuals; and the individual has a 
complexity of parts, which demand separate 
consideration with regard to their several func- 
tions. There is no prospect, humanly speaking, 
that we shall ever have methods for the prac- 
tical handling of complicated differential equa- 
tions in several dozen or several million vari- 
ables. In the controversy between mechanist 
and vitalist, between behaviorist and subjec- 
tivist, the part of the mathematician must 


occasionally be the inglorious one 


moderation. He is too familiar wit} 


tations of calculations to 
the present limitations of a 
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integrate. 
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not withstand critical 
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analysis. 
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tion? On the other h 


human mind is nothing 
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circuitous mental adventures 
vitalist, though, who adopts the d 


‘that life is the basic 


everything else is a form or manifest 


reality, oO! 
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especially if he is able 
life from non-life. 
Confused as we are by the ineptit 


of vitalism and mechat 


» to different 


1ism, intimi 


by the crashing of one doctrine 
another, crushed by the restrict 


mental facility, still we dare to 
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lieve, however, that the life in the « 


per would worry about 
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MATHEMATICS IN THE SOCIAL SCIENCES 


By Professor IRVING FISHER 


YALE UNIVERSITY 


‘ue invitation to deliver this lecture 
is accepted chiefly because of my ven- 
ration for J. Willard Gibbs, whose pupil 
| was forty years ago. 

It was by accident rather than by de- 

sion that my own life work was diverted 

m mathematical physics and mathe- 
ities, which it was my privilege to 
idy under Gibbs, and was turned, in- 
tead, toward the application of mathe- 
ities to the social sciences. While I] 
ive lost touch with the subject of which 

Willard Gibbs was a master, the debt 
hich I owe to him and the help which 

my studies with him have afforded me 
en in the field of the social sciences can 
ver be forgotten. 

I hope, therefore, it may not be amiss 
) precede what I have to say on mathe- 
naties in the social sciences by a rem- 
niseent statement of my personal im- 
ressions of Gibbs himself. J. Willard 
Gibbs towered head and shoulders above 
ny other intellect with which I have 

me in contact. I had a keen realiza- 

n of his greatness even in those for- 
itive years in Yale College and the 
Yale Graduate School. But this keen 
realization has grown even keener as the 
vears have swept by, not only because of 

the increased evidence of the funda- 
mental value of Gibbs’s work in his own 
‘hosen field but also because in my own 

nsciousness, after so many details have 
lropped from memory, there persists all 
the more clearly the strong impression 
which Gibbs’s personality and teaching 
made upon me. 

In saying this I do not think I can be 
secused of undue enthusiasm simply 
from the loyalty of a pupil to his 
teacher, especially in view of the state- 

‘The J. Willard Gibbs lecture before the 
American Mathematical Society, American Asso- 
“lation for the Advancement of Science, Des 
‘oines, Iowa, December 31, 1929. 
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ments of Lord Ke 
virtually rank G 
Newton of America i0 
Yale a fi , 
"2000 Yale 

best known to the world for havin 
dueed J. Willard Gibbs.’’ 


One ol the most striking char 


when visiting 
that **by the year 


tions of Gibbs was recent 


John Johnston. now 
States Steel Corporation, then 
of chemistry at Yale, i 
Gibbs delivered ‘ 

H 


years ago bi¢ 


Gibbs’s work } : 
and that, in this respect 
stand unique and supreme among 
great scientists 

The English physica 
sor F. G. Donnan, has said that ‘‘G 
ranks with men like Newton, Lagrange 
and Hamilton, 
and power of their minds have produced 


| chemist, Prof 


who by the sheer fore 


those generalized statements of scient 
law which mark epochs in the ad 


knowledge. The work and 


of exact 


inspiration of Gibbs have thus produced 


not only a great science but also an 


equally great practice. There is, to-day, 


no great chemical or metallurgical in 
] 


dustry that does not de} end, for the de 
velopment and control of a great part of 
its operations, on an understanding and 
application of dynamic chemistry and 
the geometrical theory of heterogeneous 
equilibria. ’”’ 

Professor Ostwald said, in the preface 
translation of Guibbs’s 


to his German 


thermodynamic papers in 1892: 


The importance of the thermodynamic papers 
of Willard Gibbs can best be indicated. by the 
fact that in them is contained, 
plicitly, a large part of the discoveries 
made by various 


licitly or im 
which 
have since been investigators 
in the physical equi 
librium and which have led to so notable 


domain of chemical and 


a de 
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velopment in this field.... The contents of 
this work are to-day of immediate importance 
and by no means of merely historical value. 
For of the almost boundless wealth of results 
which it contains, or to which it points the way, 
only a small part has up to the present time 
[1892] been made fruitful. 


Sir Joseph Lamor said: 


This monumental memoir [‘‘On the Equi- 
librium of Heterogeneous Substances’’] made a 
clean sweep of the subject, and workers in the 
modern experimental science of physical chem- 
istry have returned to it again and again to find 
their empirical principles forecasted in the light 
of pure theory and to derive fresh inspiration 
for new departures. 


We think no less of Gibbs’s greatness 
because he himself showed so little con- 
sciousness of it. He must have realized 
the fundamental character of his work. 
But his pupils remarked his profound 
modesty and often commented on it. 
His chief delight was in truth-seeking 
for its own sake, and he was so intent on 
this search that he had no time even to 


think of emphasizing the originality or 
value of his own addition to the great 
vista of truth over which his mind swept. 
Doubtless he often did not know or 
greatly care where the work of others 


ceased and his own began. He did not 
always wade through the literature 
which preceded his own scientific papers. 
I remember hearing him say that when 
he wanted to verify another man’s re- 
sults he usually found it easier to work 
them out for himself than to follow the 
other man’s own course of reasoning. 
This was said without any affectation, 
but simply in a jocular vein, as by one 
who would escape a difficult task by go- 
ing his own way. But even though it 
may be difficult to disentangle what was 
original in Gibbs’s work from what was 
anticipated by others, surely no compe- 
tent person doubts to-day that he 
founded a new era in physics and chem- 
istry. 

Because of his retiring disposition and 
the theoretical nature of his work, he 
was, during his lifetime, almost unknown 
except among a few special students. 


The majority of students at Y 
day did not know of his existen 
less of his greatness. And tl 
far fewer people in America thay 
were in Europe who could app: 
what he was doing. 

His work was more promptly r 
nized in Germany. When I st 
Berlin in 1893, and was ask 
whom [ had studied in America 
merated the mathematicians 
To my mortification not one of th 
was known to those Berlin pri 
until I mentioned Gibbs, whereu; 
were loud in his praises. ‘‘Geebs 
jawohl, ausgezeichnet!’’ 

Even to-day, Gibbs illustrates th: 
that a prophet is not without hono 
in his own country. As Profess 
ston noted, the fiftieth anniversa: 
the publication of the first p 
Gibbs’s great work ‘‘On the Equilib: 
of Heterogeneous Substances’’ was 
nalized in Holland by the publicati 
a Gibbs number of their chemical 
nal. This contained contributions | 
Dutch authorities 
French, German, Canadian, Norw 
and English authorities—but none f: 
an American! 

It is true, however, that at Yal 
have finally established a Gibbs fund 
a lectureship to be filled by visiting 
fessors and that a new complete « 


as well as 


of his works has been issued by Lon 


mans, Green and Company. It is 
planned to issue two volumes of 
mentation on Gibbs’s work to mak 
chief results more accessible to the ¢ 
eral scientist. I am proud to |! 
played a part in securing these. Ma; 
take this opportunity to say that | 
also proud to have been included an 
the J. Willard Gibbs lecturers! 
may I congratulate the American Ma 
matical Society on being the organ! 
tion to found this lectureship, alt! 
Gibbs was professedly not so mu 


mathematician as a physicist. The on: 
other Gibbs lectureship seems to be that 


at the Mellon Institute in Pitts! 
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Chieago Section of the American 
emical Society awards a J. Willard 
bs medal annually, the recipient of 
ich makes an address. 

Presumably Gibbs’s greatest contri- 
bution to science was his application of 
laws of thermodynamics to chemis- 
try. He made this almost a deductive 


' 


sejienee. Professor Bumstead said of his 


among the sciences 
shich appeal to experiment, it can be, and has 

cast in a deductive form. Sir Isaac New- 
n said that ‘‘it is the glory of geometry that 
i to produce so 


an unusual extent, 


m a few principles it is able 
Thermodynamics shares in this 
of glory; it has only two fundamental 
iples, of which the first is a statement of 
as applied to heat, 
deeply 


ny things.’’ 


nservation of energy 
ie states the fact (so 
inded in general experience that it 
st axiomatic) that heat will not, of itself, 
from a body at a lower temperature to one 

1 higher temperature. From these two sim 

e principles, by an almost Euclidean method, 
i surprising number of facts and relations be 
tween work and heat, and various properties 
f bodies were deduced about the middle of the 


st century. 


tl » second 


seems 


J. Willard Gibbs was certainly a mas- 
ter at producing many deductions from 
1 few general principles. And it was 
just beeause of the generality of the 
principles from which he always insisted 
n starting that he succeeded in reach- 
ing such a wealth of conclusions. 

In fact, it has always seemed to me 
that Gibbs’s chief intellectual charac- 
teristic consisted in his tendency to make 
his reasoning as general as possible, to 
get the maximum of results from the 
minimum of hypotheses. I shall never 
forget, and have often quoted, an aphor- 
ism used by Gibbs, whether or not origi- 
nal with him, to the effect that ‘‘the 
whole is simpler than its parts.’’ For 
instance, when he had a problem involv- 
ing coordinates he preferred to employ 
an imdeterminate origin, maintaining 
that his results were thereby rendered 
simpler and easier than if he took the 
origin at some apparently more con- 
venient but special point in relation to 


the erystal or other conforma 


When the 


indeterminate it autom: 


} . 
ne Was discussing 


itself from 
duced. 

Many if not 
instinctively seek 


vbetore attempting to soive 


‘ase. Sometimes they pay a big 
in needless experimentation. |] 
ber Professor Bumstead, my fell 
dent at Yale, recounting with 
conversation that Gibbs was re} 


a youthful inv 


have had with 


vho had made a laborious exp: 
relationships 
as, with pardonable pride, telling 
After liste 


ntively Professor Gibbs quite nat 


study of certain 
‘ f his eonclus on 
nd unaffectedly close ad his eves, 


“* Yes, 


seeing at once that 


a moment, and said, 
be true,’’ 

result which this young investigator 
reached was a necessary corollary 
Gibbs’s own more general results. 

him, it required no experimental veri 
fication. The 
from Gibbs’s view-point, been almost as 


young man’s work had, 
much wasted as if it had been spent in 
a laborious set of measurements of right 
angle triangles on the 
should 


basis of whiel 
measurements he announce as 
new and experimental discovery that the 
square of the hypotenuse is equal to the 
sum of the squares of the other two sides 
It is worth noting that, though Gibbs did 
his work in the Sloane Physics Labora 
tory, he never, as far as I know at least, 
His life 


work, stupendous as it was, and based 


performed a single experiment. 


as it was on concrete fact, consisted ex 
clusively in new deductions from old re- 
sults, the full significance of which no 
one else had been able to derive. 

In his effort to represent physical re- 
lations by geometrical models and to por- 
tray the theory of electricity and mag- 
netism by geometrical methods, Gibbs 
encountered the need of a vector 
analysis to replace the awkward analysis 
by Cartesian coordinates, requiring, as 


new 
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that does, three times as many equations 
to write and manipulate as does vector 
analysis, not to say diverting attention 
from the lines and surfaces actually in- 
volved to their projections on three arbi- 
trary axes. 

To me the most interesting course I 
had with Gibbs was on vector analysis. 
He believed he had simplified the Hamil- 
ton system of quaternions, getting his 
cue from Grassmann’s ‘‘ Ausdehnungs- 
lehre.’’ But he was so conscious of his 
obligations to Grassmann that he was 
reluctant to publish his own system, 
apparently doubting whether it  pos- 
sessed enough originality to warrant 
publication. He therefore had privately 
printed a syllabus of his system and this 
reprint was used by us in his class as a 
text. Only after many years did Pro- 
fessor E. B. Wilson construct a more 
elaborate text-book embodying Gibbs’s 
principles of vector analysis. 

It is a curious fact that, while Gibbs’s 
work in thermodynamics was appreciated 
in German, his work in vector analysis 
was not. I remember the comment of 
Professor Schwartz at Berlin, when I un- 
dertook to defend Gibbs’s vector analy- 
sis: ‘‘Es ist zu willkiirlich.’’ The Ger- 
mans felt in honor bound to restrict pure 
mathematics to mere elaboration of the 
proposition that one and one makes two. 
Starting with this proposition, by suc- 
cessive additions or subtractions of 
unity, we may, of course, by going for- 
ward, obtain all the positive integers; 
this is addition. Reversing, we obtain 
zero and the negative integers; this 
is subtraction. Then, by applying re- 
peated addition or multiplication and 
repeated subtraction or division, re- 
peated multiplication or involution and 
repeated division or evolution, we arrive 
at fractions, surds, imaginary quantities 
and finally the ‘‘ecomplex variable’’ 
x+y V-1. But beyond this, by such 
processes no more general form of mag- 
nitude can possibly be derived; for, if 
we operate on a complex variable by ad- 
dition, subtraction, multiplication, di- 


vision, involution or evolution, 
the recognized rules of algebra. 
tain simply other complex 
and nothing else whatsoever. Oy 
changing, or as the German critics 
say, by violating, the fundament 
of algebra faithfully followed 
above processes, such as the ru] 
axb is equal to bxa, is it possil 
enter into any other realm « 
matics than that of the complex \ 

When I reported these criticisms 
Gibbs, his comment was that all de 
on what your object is in making t 
sacrosanct rules for operating upor 
bols. If the object is to interpret 
cal phenomena and if we find w 
better by having a rule that 
equal not to bxa but to minus 
in the multiplication of two ve 
then, he said, the criticisms of t! 
mans are beside the point. 

The fact is that Gibbs, thoug! 
mathematician, was not primaril) 
ested in mathematics as such. His 
terest lay in its applications to realit 
in the substance rather than th 
All his eontributions to pure n 
matics were sought and found n 
mere proliferations of formal and 
stract logic but as by-products 
work in interpreting the facts 
physical universe. 

The far-reaching effects of Gil 
work apply not only to inorganic phys 
and chemistry but also to the org 
world. One of the most elaborate 
views of Gibbs and his relation to n 
ern science is by Lieutenant ( 
Fielding H. Garrison, M.D., assistant 
the librarian of the Army M 
Library, Washington, D. C., in wi 
shows, among other things, the ap] 
tion of Gibbs’s work to the equilibri 
of heterogeneous substances in ge! 
physiology. 

Despite Gibbs’s retiring disposition 
and his disinclination for general socie' 
he was most cordial in his personal co! 
tact with colleagues and students and 
never seemed to lack time to give to a! 
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ne who chose to discuss the subject in 
which he was so deeply interested. He 


.s J] well remember the remark of 
Percey Smith, now professor of mathe- 
maties at Yale, who was a fellow student 
‘ Gibbs with me, as we walked out of 
ne of Gibbs’s lectures, ‘‘ What a gentle 


He enjoyed a joke, often laughed and 
excited laughter. He took pleasure in 
plying his mathematics in simple 
says. One of his minor but fascinating 
papers before the Yale Mathematical 
(lub was on the ‘‘Paces of a Horse,’’ 
the writing of which was doubtless sug- 
gested by watching a horse which he had 
ist purchased. Probably no one else 
ver put a horse through his paces as 
scientifically or amusingly as Gibbs did 
n that paper. 

Gibbs himself never contributed to the 
social sciences. Apparently I am the 
only one of his pupils who, after first 
loing some teaching in mathematics and 
physies, became professedly an econo- 
mist, although Professor E. B. Wilson, 
Gibbs’s chief interpreter as to mathe- 
matics, has taken a lively interest in 
many lines of social science and statistics 
nd was this year president of the Amer- 
ean Statistical Association. 

After several years’ graduate study, 
partly in mathematics under Gibbs and 
partly in economics under Sumner, the 
time came for me to write my doctor’s 
and I selected as my subject, 
‘Mathematical Investigations in the 
Theory of Value and Prices.’’ Profes- 
sor Gibbs showed a lively interest in this 
youthful work, and was especially inter- 
ested in the fact that I had used geo- 
metric constructions and methods in- 
eluding his own vector notation. 

The late Professor Allyn Young, of 
Harvard, also made occasional use of 
vectors in his economic work. Another 
economic student and writer, a brilliant 
young Norwegian, Professor Ragnar 
Frisch, has latterly used the vector no- 
tation and says he could scarcely think 


thesis 


Frisch ill this 


Yale from 


without it. Profi 
year be visiting professor at 


ssor 
the University of Oslo 

It is one of the 
matics in the social 


handicaps of mathe 
sciences that there 
are so few who are trained in both lines 
for such study, and this particular 

plies to any applications of Prof 
Gibbs’s vector analysis. If vector analy- 
sis should become more widely under 
stood and used by students in the social 
sciences, doubtless it would be more gen 
erally utilized, at least as a vehicle for 
thought. 

increasingly, the 
] 


Oceasionally, and 


ideas and notations of the differentia 
and integral 
mathematical e 
cians. But, of 
mathematics employed in the social sci- 
There 


ealeulus are applied by 


+ 


‘onomists and _ statisti- 


most of the 


course, 


ences consists of simple algebra 
\ the 
quoted by Gibbs in his address on 


way, was 
**Mul- 
‘the human mind 

labor-saving ma 


is a saying which, by 
tiple Algebra’’ that 
has never invented a 
chine equal to algebra.’’ 

There are 
branches of 


several fairly distinct 


social science to which 
may be, ap 


may be dis 


mathematies has been, or 
plied. The chief of these 
tinguished as (1) pure 
the ‘‘smoothing’’ of statistical series, 
correlation and (4 
which overlap to some extent. 


economics, (2 


> 
0} 


probabilities, all of 


My own chief interest in social sci- 
ence, from a mathematical point of view, 
has been in the first of these four groups, 
pure theory. 

When I began my work in this field in 
1891, mathematics in economic theory 
was looked at askance, despite the fact 
that many years before, as early as 1838, 
Cournot had written his brilliant ‘‘ Re- 
searches into the Mathematical Princi- 
ples of the Theory of Wealth.’’ This 
book later greatly stimulated Professor 
Edgeworth, of Oxford, and Professor 
Marshall, of Cambridge, and to-day is 
ranked among the 
The same may be said of 
‘‘Theory of Political Economy’”’ 


economic classics. 
Jevons’s 


pub- 
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lished in 1871. But in 1891, when my 
own economic studies began, even the 
work of Cournot was almost unknown to 
economists, and that of Jevons was little 
used. If one will turn the pages of the 
main economic literature of 1891 and 
earlier, he will find practically no for- 
mulas and no diagrams. But Walras 
and Pareto in Switzerland and Pan- 
taleoni and Barone in Italy, Edgeworth 
and Marshall in England, Westergaard 
and Wicksell in Seandinavia and a few 
other students in other countries were 
using and defending the new method. 

When, at the request of Professor 
Edgeworth, I read a slightly mathemati- 
cal paper on the ‘‘ Mechanics of Bimetal- 
ism’’ before the Economie Section of the 
British Association for the Advancement 
of Science at Oxford in September, 1893, 
I well remember how, in the discussion 
of that and other mathematical papers, 
Professor Edgeworth was, as he ex- 
pressed it, ‘‘damped’’ by the unfriendly 
criticism of these new methods by Pro- 
fessor Sidgwick and others. 

But little by little, the usefulness of 
mathematics has come to be appreciated. 
Besides the older writers already men- 
tioned and Auspitz and Lieben, whose 
work on price determination of 1889 was 
one of my first inspirations, there have 
gradually come into this field many 
younger writers among whom may be 
mentioned Professor Henry L. Moore, of 
Columbia University, Professor J. H. 
Rogers, of the University of Missouri, 
Professor C. F. Roos, of Cornell Univer- 
sity, Professor Griffith C. Evans, of Rice 
Institute, Professor Henry Schultz, of 
the University of Chicago, Professor 
Harold Hotelling, of Stanford Univer- 
sity, W. A. Shewhart, of the Bell Tele- 
phone Laboratories, Professors J. May- 
nard Keynes, A. C. Pigou and Arthur 
L. Bowley,of England, Professors Albert 
Aftalion and Jacques Rueff, of France, 
Ladislaus von Bortkiewicz, of Berlin, 
Dr. Otto Kiihne, of Germany, Professor 
WI. Zawadski, of Poland, Professor E. 
Slutsky, of Russia, Professor Gustav 


Cassel, of Sweden, Professor Rae 
Frisch, of Norway, Dr. Willem | 

of Holland, Professors Corrado G 
Luigi Amoroso in Italy. 

And besides the fact of suc] 
sions to the ranks of the small 
professed mathematical economists 
even more significant fact that 
mists in general have not only ec 
erying mathematics but are, it 
cases, making some slight use of 
selves. 

The late Professor Marshall, of 
bridge University, was one of t] 
perceive what was happening. H 

A great change in the manner of tl 
been brought about during the present 
tion by the general adoption of sen 
cal language for expressing the relat 
small increments of a commodity 
hand, and on the other hand smal! 
in the aggregate price that will be | 
and by formally describing these s 
ments of price as measuring corres} 
small increments of pleasure. The for 
by far the more important, step was t 
Cournot ;2 the latter by Dupuit® and by 
But their work was forgotten; part of 
done over again, developed and publ 
most simultaneously by Jevons and 
Menger in 1871, and by Walras a 
Jevons almost at once arrested pub! 
by his brilliant lucidity and interestin 

A training in mathematics is helpful | 
ing command over a marvelously ters¢ 
act language for expressing clearly so: 
eral relations and some short proc 
economic reasoning, which can indeed 
pressed in ordinary language, but not wit 
sharpness of outline. And, what is 
greater importance, experience in h 
physical problems by mathematical m« 
gives a grasp, that can not be obtained eq 
well in any other way, of the mutual interac’ 
of economic changes. The direct applicati 
mathematical reasoning to the discovery 
nomic truths has recently rendered great se1 
in the hands of master mathematicians t 
study of statistical averages and proba! 
and in measuring the degree of consilienc 
tween correlated statistical tables. 


+ 


2‘*Recherches sur les principes mat! 
tiques de la théorie des richesses,’’ 1838 

3‘*De la mésure d’utilité des travaux 
lics’’ in the Annales des Ponts et Chauss 
1844, 

4‘*Entwickelung der Gesetze des mens 
Verkehrs,’’ 1854. 
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fathematies serves economic theory in 
such fundamental 
sed on the differential 
so through the process of differentia- 
and 
nima, as in the simple process of de- 


lying concepts 
ealeulus and 


n solves problems of maxima 

termining formally what is the price that 
traffic will bear in order to 
fits a maximum 

The chief realm of economic theory to 


make 


ch mathematical analysis of this kind 
plies is that of supply and demand, 
determination of prices, the theoreti- 

il effect of taxes or tariffs on prices 
The results can not always be reduced 
to figures but are often useful in terms 
f mere inequalities. 

For instance, among the chief theorems 
shown mathematically by Cournot are 
the following: That a tax on a monopo- 

ed article will always raise its price, 

it sometimes by more and sometimes by 
less than the tax itself; that a tax on an 
article under unlimited competition al- 
ways raises its price but by an amount 
less than the tax itself; that a tax pro- 
portional to the net income of a producer 
will not affect the price of his product; 
that fixed charges among costs of pro- 
duction do not affect price nor do taxes 
on fixed charges; that opening up free 
trade in a competitive article between 
two previously independent markets may 
decrease the total product. 

Among the most surprising paradoxes 
discovered by the mathematical method 
is one shown by Edgeworth, that if a 
monopolist sells two articles, say first 
and third class railway tickets, for which 
the demand is correlated, it may be pos- 
sible to tax the third class tickets, at a 
fixed amount each, with the result that 
the monopolist not only pays the tax but 
lowers the prices of both kinds of tickets. 

Familiarity with mathematics will 
save many confusions of thought. For 
instance, it is just as important in eco- 
nomics to distinguish between a high 
price and a rising price as it is in physics 
to distinguish between velocity and ac- 
celeration. Rate of price change has 


important 
in pract 
on the 


Pheoreticé 


rice 
an amou 
tion, an 
preciati 

, however, the rate 

adjustment and, 

tant, inadequate in 

thematical statistic: 

slowness and in 

lps explain great business uph 

book on ‘** The 


here, 


shown in my new 


of Interest.’’ I may say 


thetically, though the case is somewhat 


different, that the recent crash in the 


stock market was, in large me 
price paid for tardiness in 
rate of interest which should 
over a year ago but was held dow 
ficially. 

Again, mathematics will save the 
nomic and the 


counting from the many confusions of 


eCCO- 
student student of ac- 
double counting, especially in the intri- 
cate theory of income. 

but 


economics Is 10 


Another elementary, im portant 
use of mathematics in 
making sure that a problem is 
minate by counting and 
number of independent 
the number of unknown quantities. A 
great deal of 
standing hasvexisted and still exists in 


deter 
matching the 
equations and 


unnecessary misunder- 


economic science as to what determines 
the rate of interest or other magnitudes 
in economics. These misunderstandings 
would not exist if the contestants would 
take the trouble to express themselves 
mathematically. If we view the matter 
mathematically it soon becomes evident 
that one contestant has seen only one of 
the determining factors, and the other 
another, without either of them realizing 
that both are compatible and needed in 
a complete economic equilibrium. The 
concept of economic equilibrium in which 
many factors act and react on each other 
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is one of the chief elementary contribu- 
tions of mathematics to economic theory, 
and one stressed by Cournot, Walras, 
Marshall, Pareto and Edgeworth. 

Still another use of mathematics is in 
illustrating geometrically or analytically 
the fact that a price, or a ‘‘marginal 
utility,’’ is a function not simply of one 
but of many variables, the function be- 
ing purely empirical and incapable of 
analytical or arithmetical expression. 
In fact, the economic world is a world 
of n dimensions. 

Thus the marginal utility of bread to 
John Doe is a function of his quantity 
not only of bread consumed, but of but- 
ter, sugar and numerous other variables. 

I have myself tried to apply these and 
other mathematical ideas to the formal 
solution of the problem of prices of com- 
modities, the rate of interest, the rela- 
tion of capital to income, the purchasing 
power of money and what Simon New- 
comb, the astronomer-economist, called 
the equation of societary circulation, 
now called the equation of exchange 
(the volume of circulating medium mul- 
tiplied by its velocity of circulation is 
equal to the price level multiplied by the 
volume of trade per unit of time). 

Most of these and other applications 
of mathematics to economic theory con- 
sist in short chains of reasoning. Pro- 
fessor Marshall had the impression that 
only short chains of reasoning could ever 
be expected in mathematical economics. 
He said: 


It is obvious that there is no room in eco- 
nomics for long trains of deductive reasoning: 
no economist, not even Ricardo, attempted them. 
It may indeed appear at first sight that the con- 
trary is suggested by the frequent use of mathe- 
matical formulae in economic studies. But on 
investigation it will be found that this sugges- 
tion is illusory, except perhaps when a pure 
mathematician uses economic hypotheses for the 
purpose of mathematical diversions, for then his 
concern is to show the potentialities of mathe- 
matical methods on the supposition that material 
appropriate to their use had been supplied by 
economic study. He takes no technical respon- 
sibility for the material and is often unaware 
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how inadequate the material is to | 
strains of his powerful machinery, 


3ut as time goes on, there app: 
stances of somewhat longer trains of ry 
soning. 

I may take an example from my; 
work. I have tried to show how 
possible to estimate numerically thr 
suitable mathematical equations 
velocity of the circulation of n 
The formula for this was der 
through a chain of mathematical reaso) 
ing requiring several links and embr 
ing a considerable number of vari 
of which the chief are the 
money in circulation, the annual flo 
money into and out of banks and 
annual cash payments to labor. 
problem, by the way, of evaluating t 
velocity of circulation of 
been pronounced insoluble, and wit! 
mathematical analysis it might we! 
so considered. Incidentally, the « 
lations indicate that money in 
United States circulates about twer 
five times a year. In other words, 
average dollar stays in the same po 
about two weeks. 

To turn to a different example, | 
Professor Ragnar Frisch and myself 
independent methods, both of 
highly mathematical, have shown 
theoretically, under certain simple 
potheses, to accomplish the statistic 
measurement of ‘‘marginal utility”’ 
desirability as a function of one’s 
come. This would determine whether 
not it is true that if one man has di 
the income of another his tax ought to! 
double, more than double or less tl 
double in order that he should make t 
same sacrifice. In other words, it wo" 
supply a mathematical criterion 
which to judge the justice of a progres 
sive income tax. 

I say ‘‘would’’ rather than ‘‘does”’ 
simply because as yet the statistics avail 
able do not seem adequate for any : 
curate evaluation. But Professor Frisch 
and I are both hoping to pursue this 


} 
volumes 


mone} 
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His and my preliminary 
My own 


study further. 

results are not 
formula is derived by a chain of mathe- 
matical reasoning which results in ex- 
pressing the ratio of the ‘‘marginal 
utility’’ of money for a person with a 
certain income to the ‘‘marginal utility’’ 
which he would have with a different 
in terms of the following ele- 
those two incomes, the percen- 


inconsistent. 


ncome 
ments : 
tages which would be spent on food, rent, 
te., under the two respective incomes 
and the index numbers of prices of food, 
rent, ete., relatively to another country, 
serving as a standard of comparison. 
Mathematics also helps make clear the 
‘‘dimensionality’’ of the magnitudes 
treated. Thus, the quantity of wheat, 
its price and its value are three magni- 
tudes as unlike in 
time, velocity and distance. 
nterest has the simplest dimensionality, 


dimensionality as 
The rate of 


being, like angular velocity, of dimen- 
sion t', 

Mathematics helps us 
relationships in general, especially to 
avoid the old confusion between capital 
and income, the one relating to an in- 
stant of time, the other to a period of 
time. 

Capital-income analysis is a develop- 
ment of the last two score years, but its 
Every rood 


analyze time 


roots go back generations. 
treatise on algebra includes the formulas 
for capitalizing annuities and bonds, the 
formulas underlying the bond tables 
used in every broker’s office. 

While the development of mathemati- 
eal economies from the theoretical side 
has been steady and impressive since I 
was a young man, it has by no means 
been so rapid as the development of the 
other three branches to which I have 
referred. 

“*Smoothing’’ statistical data, the fit- 
ting of formulas and curves to statistics, 
has, of course, been one of the aims of 
statisticians for many generations. In 
this way we have derived our mortality 
tables, the basis used by actuaries for 
caleulating life insurance premiums. 


rstand that the s nd J. Wil 
bert Hen- 
‘Life Insurance as a Social 
Prob 


I un 


econ 
lard Gibbs lecture was by Ro 


derson on 
Science and as a Mathematical 
lem.’’ The of this branch 


of our subject does not 


importance 
need TO be em 
like Des 


phasized in an insurance center 


Moines. 
Actuarial science is, of 
velopment of the 


tion or discount, particularly as a 


COUTTS 


formulas for eapi 


to annuities, combined with the 


duction of the probability element 
on mortality stati 
an analysis of 

could be, and perhaps som: 


applhed to othe r economie probl ms 
sides life insurance, 
are adequate 


as soon 
for assessing risk 
cally in other realms thai iman mor 
tality In fi tl 


of economic 


»-erving needs 


science a reliable basis for 
evaluating risks 


h actuarial sex 


; 


Coneurrently wit 
has developed a science of 
of mortality in relation 
extending at least back 
William Farr, superintende 
statistical department of the 
general’s office of England | 
To-day this science 
yped by 
Glover in the 


tury ago. 
further deve Knibbs, 
tralia, Lotka 
States, and others 


and 


Recently with the development of sta 


tistics of industry the art of curve fitting 
by mathematical methods has grown very 
rapidly, and examples of it will be found 


in many current issues of statistical 


journals. I am, myself, with a col 
Max Sasuly, 


of curve 


working on a 
fitting 


preconce lived 


laborator, 


new method aimed to 


for- 
data 


the use of 
mula but letting 
themselves write their own formula, so 


avoid any 


the statistical 


to speak. 

One important phase of curve fitting 
which links it 
economic theory is the statistical evalua- 
tion of supply and demand 
Among those who have worked in this 


closely with the study of 


curves. 
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field are Professor Henry L. Moore, of 
Columbia University, Professor Henry 
Schultz, of Chicago University, Dr. 
Mordecai Ezekiel, of the U. S. Depart- 
ment of Agriculture, Professor G. F. 
Warren, F. A. Pearson and C. F. Roos, 
of Cornell University, and Professor 
Holbrook Working, of Stanford Univer- 
sity. Professor Schultz was apparently 
the first to work out the statistical de- 
termination of the effect of the tariff on 
the price of an imported commodity— 
sugar. 

The third group of mathematical work 
in the social sciences, the development of 
correlation, is closely associated with the 
name of Kar! Pearson, of the University 
of London, who is still living. His cor- 


relation coefficient has become almost a 
standard procedure in economic statistics 
as well as in other sciences, including 
biology, in which he is primarily en- 


gaged. To-day many, if not most, econ- 
omists, especially if they work in sta- 
tistics, are making some use of such 
correlation coefficients. Through them 
they have been foreed to adopt mathe- 
matical aids in spite of old traditions 
and prejudices. 

Professor Warren M. Persons, for- 
merly of Harvard, has worked out corre- 
lations with lag showing the interrela- 
tions of various economic phenomena in 
such a way as to serve the purposes of 
forecasting business conditions. A more 
elaborate method of correlation has been 
worked out by Karl Karsten, of New 
Haven, a private statistician, who has 
made tables of correlation between every 
pair of available series of economic sta- 
tistics and has put these together by 
multiple correlation so as to predict any 
one of the series from all the others 
which are found to serve toward that 
end. He is now issuing regularly a 
forecast of commodity prices, of the 
volume of business, of stock market 
trends and of various other economic 
factors. 


THE SCIENTIFIC MONTHLY 


In the study of the so-called bus 
eycle and forecasting future fluctu 
mathematical and st 
cians have made increasing use of 
is virtually differentiation or int 
tion. Thus I have emphasized 
change’’ as distinct from price, of 
it is the differential quotient. Ree 
cally, Mr. Karsten has applied t] 
of ‘‘quadrature’’ to the relations of 
statistical series where one is virt 


economists 


derivable from the other by integra‘ 
This means if the curves are cyclical t] 
they are related as are the curves of 
and cosines so that one curve is at 
while the 
minimum. 

One development in this field in \ 

I have been especially interested 
been the study of the distribution of t 
lag. This appears to be a skew distribu 
tion, but nearly normal if time is plot 
on a logarithmic scale. 

As already indicated, risk is one of t! 
fundamental elements in the mathemat 
eal analysis of actuarial science. It 
also, in a different way, through 
quency distribution, a fundamental 
ment in correlation analysis. In 
there have been more or less successful! 
attempts by Karl Pearson to resolv 
mortality curve into a sum of several 
frequency curves and by Arne Fisher t 
do the reverse—syuthesize a set of 
quency curves representing mortalits 
from certain causes into the total mor 
tality curve. It may also be pointed out 
that our second topic, curve fitting and 
smoothing, whether by least squar 
methods or otherwise, is largely a stud) 
in probability. 

All this brings us to the fourth chief 
branch of our subject, the mathematica! 
analysis of probability in general in s 
far as this relates to social phenomena as 
embodied in statistics. This has been 
increasingly studied by many economists, 
especially the late F. Y. Edgeworth, 
editor of the Economic Journal. Also 


other is at a maximun 
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mathematical statisticians such as G. 
Udny Yule, Arthur Bowley, R. A. 
Fisher, Sir William Beveridge, Truman 
L. Kelley, A. C. Whitaker, William L. 
Crum, Thiele and others have done much 
constructive work in this field. 
Professor Vilfredo Pareto tried to 
work out a formula for statistics of in- 
comes in relation to the number of per- 
sons possessing incomes of various sizes, 
and the Pareto curve has become quite 
famous. It has been shown, however, 
particularly by Professor Macaulay, of 
the National Bureau of Economic Re- 
search, that the Pareto curve is nothing 
but the ‘‘tail’’ of a probability curve, 
although Pareto himself had been loath 
to admit this. It is true that this par- 
ticular sort of probability or distribution 
curve is not ‘‘normal’’ even if the ab- 
scissas are plotted on a _ logarithmic 
scale. It often happens in statistical 
series, especially where the frequency 
distribution lies between zero as one ex- 
treme and infinity as the other, that 


the frequency or probability curve while 
very skew on the arithmetical scale turns 
out to be nearly ‘‘normal’’ on the loga- 
rithmic scale. 

I have, of course, by no means ex- 
hausted the list of applications of mathe- 
maties to economics, still less to the other 


social sciences. Many applications have 
been made which are not easily classified 
under the four heads I have noted, 
namely, pure theory, curve fitting, cor- 
relation and probabilities. 

Of these other and miscellaneous ap- 
plications, the most important, at least 
in the field of economics and statistics, 
seems to be that of index numbers. The 
theory and practice of index numbers 
have had a special fascination for many 
of us because they occupy a tantalizing 
position on the borderline between a 
priori rational theory and empirical 
makeshift and because of the many pit- 


falls encountered 
closely related 
ability. 
of Index Numbers,”’ 
the best formula for an 
out of several score available 

It is also true, of course, that 
three divisions of our subject, « 
ting, correlation study and probabilit 


fields of 


In my book on 
I have trie 


ind 


traverse all knowledge 
apply not only to my own branch of 
but to all 


others such as sociology, anthropology 


social sciences, economics, 
and education, as well as to fields outside 
psychology, 
biology, hygiene and eugenics. In all 
these we find a development of mathe- 
Each has its own spe- 


of social science such as 


matical method. 
cial concepts, measures and principles, 
index of anthro 
quotient of 


as the cranial 
pology, the intelligence 
psychology and education, the Mendelian 
principle in heredity, and these the 
mathematician may study in terms of 
averages, index correlations, 
deviations, frequency distributions and 
otherwise. Just as the multiplication 
table is applicable in more than one field 
of knowledge, so mathematics in general 
is peculiar to none. Sooner or later 
every true science 
mathematical. The 
simply a little later to be reached than 
astronomy, physics and chemistry, while 


such 


numbers, 


tends to become 


social sciences are 


the biological sciences are later still. 
Scientific method is one and the same, 
whether employed in such sciences as 
Gibbs developed, or in others. Mathe- 
matics is, as Gibbs said, simply a ‘‘lan- 
guage.’’ It is required for the best ex- 
pression of scientific method when the 
relations to be expressed become suffi- 
ciently involved to require it in pref- 
erence to ordinary language which is less 
precise and complete. The 
bright for a healthy development of 
mathematics in the social sciences 


outlook is 
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By Dr. EDISON PETTIT and Dr. SETH B. NICHOLSON 


CARNEGIE INSTITUTION OF WASHINGTON, MOUNT WILSON OBSERVATORY 


Our knowledge of the temperature of 
a celestial object must come through its 
radiation, which has suffered losses by 
filtration through its own and the 
earth’s atmosphere and in the observing 
instruments. In the cases of the moon, 
the planet Mereury and to a great ex- 
tent Mars, the first of these absorptions 
is negligible, and the problem of deter- 
mining their surface temperatures is 
simpler than for the other planets. 

The term radiation as used here 
means collectively ultra-violet, visual 
and infra-red light, the only distinguish- 
ing physical feature between these di- 
visions being their wave-lengths. The 
unit of wave-length in common use is the 
micron (#), which is one thousandth of 
a millimeter or ten thousand angstroms. 
Ultra-violet light consists of all wave- 
lengths less than 0.44; visual light, that 
between 0.44 and 0.76 », and infra- 
red light, all wave-lengths greater than 
0.764. The unit of intensity is one 
ealory per square centimeter per min- 
ute, written 1 cal em~* min". 

The radiation from a planet consists 
of reflected solar radiation, which is 
practically confined to the wave-lengths 
between 0.3 and 5, and low tempera- 
ture radiation from its warmed surface, 
ealled planetary heat, which reaches us 
principally through the great transmis- 
sion band in the atmospheric water- 
vapor between 8 and 144. With the 
exception of cosmic radiation below the 
X-ray region no celestial radiation to 
the violet of wave-length 0.2897 wu, or 
to the red of 15 has been detected, 
although the latter wave-length is still 
somewhat uncertain. The shaded curve 
in Fig. 1 shows the atmospheric trans- 
mission for radiation from a celestial 
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object in the zenith on Mount Wils 
From this figure it can be seen that 
reflected radiation between 0.3 » and 
is transmitted by a glass plate 0.165 1 
thick (microscope cover-glass 
most of the planetary heat is not tra 
mitted by it. Hence this thin glass 
comes a means of separating th 
kinds of radiation from a planet. 

The general scheme which we | 
used for determining planetary temper 
atures consists in the following ste; 
(1) Measure with the vacuum therm 
couple on an arbitrary scale the wh 
radiation (reflected light plus planetar 
heat) from a small area of the planet 
and that transmitted by the cover-g 
(practically all the reflected light a 
nearly negligible amount of planet 
heat). (2) Calibrate these measures 
the radiation from a star which w 
already standardized. (3) Separaté 
planetary heat from the reflected light 
by subtracting the radiation transmitt 
by the cover-glass from the total radia 
tion received and apply small corr 
tions necessary because of the slight 
absorption of reflected light and 
slight transmission of planetary heat 
(4) Compare the planetary heat so d 
termined with that which computatio: 
shows would be obtained with our 
struments from a black body at various 
temperatures outside our atmosphere. 

In making the observations a vacuu! 
thermocouple with a window made 
rock salt is mounted at the focus 0 
reflecting telescope. The two junctions 
of the thermocouple, which are only tw 
or three millimeters apart, are made by 
fusing two small wires of bismuth to the 
ends of another which is an alloy of 9 
per cent. bismuth and 5 per cent. tin 


fa 
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These are connected electrically to a 
D’Arsonval galvanometer in such a 
manner that the currents which are pro- 
duced when the individual junctions are 
heated separately flow in opposite diree- 

ms. When both junctions are heated 
simultaneously no deflection occurs, 
hence the thermocouple is compensated 
against general radiation from the sky 
and surrounding objects. In the case of 
the moon the image was so large that it 
would heat both junctions and it was 
necessary to shield all the thermocouple 
except one junction, hence the compen- 
sation was only partial, but since the re- 
quired sensitivity was low this caused no 
inconvenience. 

Small thin metal plates 4 to 1 mm 
square are fused over the junctions of 
the thermocouple wires and covered with 
a mixture of lamp-black and platinum- 
black on their exposed surfaces. These 
black plates absorb within about 2 per 
cent. all the radiation from celestial ob- 
jects and convert it into heat which, for 
the small changes of temperature ob- 
tained in practice, produces a thermo- 
electrie current proportional to the 
intensity of the radiation received, 
irrespective of its wave-length. There 
is a current popular idea that thermo- 
couples measure ‘‘radiant heat’’ or 
infra-red light, but radiation instru- 
ments such as the thermocouple, bolome- 
ter and radiometer when made with 
black receivers are perfectly color-blind 
and do not distinguish the various wave- 
lengths, measuring ultra-violet, visual 
and infra-red radiation with equal 
facility. 

Of the radiation which is measured 
from the red variable star x Cygni at 
minimum more than 99 per cent. is 
infra-red light; from the star Sirius 80 
per cent. is visual and ultra-violet light, 
while from the sun 56 per cent. is visual 
and ultra-violet and 44 per cent. infra- 
red radiation. The radiation from the 
star Betelgeuse when focused on the re- 
ceiver of a thermocouple by the 100-inch 


909 


reflector 
thousandths of a 
1342, 
fainter radiometrically, 
perature of the 
lionths of a 


raises its temperature fifteen 
degree, and the star 
eight magnitudes 


> 
Boss which is 


raises the tem- 
receiver only nine mil 
These 
small temperature changes produce cur- 
rents of the lf ten 
millionths of an 


degree Centigrade. 
order of one and a ha 
ampere and 9 x 10 
amperes, respectively. 

The measurements could be calibrated 
in the fundamental 
the observed deflections 
tained 


known distance 


way by comparing 
those ob 


radiator at a 


with 


from a standard 


For example, the Hef 


ner lamp at sea-level, without a dia- 
phragm, emits 0.00156 ealories per min 
156 


1 
at a distance or one 


ute on each square centimeter 


10° cal em 
meter. 


min 


This is an inconvenient process 


when the thermocouple is attached to 
the telescope, and so we have calibrated 
the radiation from certain stars and use 
them as standards. 

To facilitate computation we have es 
tablished a 
stellar 
magnitude’’ 
ual magnitude scale for the blue stars, 
type Ao. The radiometric magnitude of 
a star, therefore, is the visual magnitude 


scale of magnitudes for 
radiation ealled 
which agrees with the vis 


‘*radiometric 


of an Ao star which would give the same 
both 


telescope 


galvanometer deflection when are 


observed with a _ reflecting 
From direct comparisons of stars with 
the sun, a Hefner lamp and a condensed 
filament electric light, we find that the 
energy which reaches us from a star of 
radiometric magnitude in the 
Mount Wilson is 17.3 x 10°" 
1, and from this the energy 
from star of 
magnitude 


zero 
zenith on 
cal em~? min 
which we receive 
known radiometric 
determined. 

Table I is a list of stars in order of 
their radiometric magnitude (column 3) 
which have been used as standards. The 
last two columns of this table give the 
energy, E, which reaches the thermo- 
couple, and E’, that which reaches the 


any 


may be 
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solar system, expressed in both cases in 
ealx 10°°* em? min“. The difference 
between these two columns is the energy 
absorbed in the earth’s atmosphere and 
in the telescope. 


TABLE 
Vis. 
Mag. 


Sp. Rad. 
Type Mag. 


— 1,67 
—1.32 
—1.27 
— 0.98 
— 0.60 
— 0.38 

0.10 

0.22 


0.92 

1.22 
—1.58 

0.24 64 

1.06 46 

0.21 2 36 

0.14 44 

0.48 22 
0.23 0.34 50 
0.53 1.21 20 
0.72 2.82 8. 14 
0.74 0.89 8. 23 
1.00 1.21 ‘ 48 
1,24 2.23 5.2 8 
1.47 1.34 " 14 


Betelgeuse M2 
Antares Ml 
Sirius A2 
Arcturus . Ko 
Aldebaran K5 
Capella . Go 
Vega . Al 
Procyon F3 
Rigel . B8 
Pollux . G9 
a Ceti —- oo 
Altair se 
Spica . B83 
a Arietis Kl 
Regulus  -_ 





The image of a star is always smaller 
than a receiver of the thermocouple, so 
that the deflections produced by it are 
independent of the size of the receiver, 
but when the moon or a planet is ob- 
served the deflections depend on the size 
of the receiver if it is smaller than the 
image of the observed object. It is, 
therefore, necessary to reduce the plane- 
tary observations to a receiver of defi- 
nite size, and one square second of are, 
in the telescope field, has been adopted 
for that standard. 

The part of the total deflection which 
is due to planetary heat is determined 
by taking the difference between it and 
the deflection with the thin glass in the 
optical beam. The latter must be cor- 
rected for the losses by reflection from 
its two surfaces, the absorption of the 
glass and its transmission of a small 
amount of planetary heat. In the case 
of the moon these corrections amount to 
about 3 per cent. of the observed lunar 
radiation. 
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In computing the temperatur: 
sponding to the observed planetary 
the assumption is made that the | 
under observation radiates like a 


body. 


tion is reflected, and this low refi 
power indicates an approach to t] 
dition of a black body. 
is further justified by the observ; 
that when a plate of fluorite is us 
an absorbing screen the planetary) 
absorbed by it has the same ratio t 
transmitted as would be expected 
a black body at that temperature. 
The amount of energy radiated 


The assump 


unit of surface from a black body va: 


as the fourth power of its absolute t 
perature, and the amount of radiati 

each wave-length is known 
temperature from Planck’s formula 
is possible, therefore, to compute 


amount of radiation which would rea 


our instruments from an area wi 
subtends an angle of one square s 
of are of a black body at various t 
peratures, making allowance for 
losses in our atmosphere and in th: 
scope. 
tary heat for various temperatures 
given in Table II. By entering 


TABLE II 


T (K) 
Absolute Centigrade 


T (C) E 


0.00018 
0.140 
1.36 
5.73 
10.0 
17.5 
26.4 
37.8 


100° — 173° 
200 - 73 
300 + 27 
400 + 127 
500 + 227 
600 + 327 
700 + 427 


800 


+ 527 


table with the quantity of radiation 
served for any point on the mo 
planet its temperature may be obta1 


Here T (K) is the absolute temperatu 


of the planetary surface in deg! 


In the case of the moon less 
one eighth of the incident solar rad 


, 
ior ea 


The computed values of pla: 


Pn 
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Centigrade; T (C) is the corresponding 

temperature Centigrade; E is the plane 

tary heat eliminated by the microscop 

cover-glass, in a solid angle of one 

square second of are, expressed in units 

of 10°* calories per square centimeter 

per minute; m’, is the radiometric mag 

nitude corresponding to this energy, and temperature 
Am’, is a small correction obtained from surements 

the theoretical lunar temperature as de To determine 
scribed later. the distribution of planetar 


From observations extending over a_ light about the subsolar point was det 


period since 1923 we find that the tem mined by measurements made 
perature deduced for the point on the night to night as the subsolar 
moon where the sun is directly overhead passed over the earthward face 
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_9.082 cm 


TRANSMISSION 
~ 420 





10 12 
WAVE -LENGTH Ac 
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moon between first and last quarter. discrepancy which have been co 
The curves for both light and planetary an error in the values of the atmosp 
heat are given in Fig. 2. The meanradia- transmissions seems to be the most 
tion in all directions from the sub-solar able, owing to the difficulty of 
point was 1.93 cal em? min’, which is” ing the transmission constan 
equivalent to a temperature of 118° C. atmosphere for radiation 

The temperature of the subsolar point lengths between 8 and 14 microns 
may be computed from the solar con-  jnerease of 19 per cent. in th 
stant (1.95 cal em? min after deduct-  pherie transmissions used in 
ing the solar radiation reflected by the the direct measures would deer 
surface of the moon and that conducted — resulting temperature 17° ¢ 
into its interior. From the distribution cording |y we have computed correct 
of reflected light shown in Fig. 2 we find to the atmospheric absorption 
that 0.24 eal em? min” is reflected into’ ous temperatures based on that ass 
space, and from measurements of the tion. These corrections are o 
rate of cooling during an eclipse of the Table II as A m’, When these 
moon we find that less than 0.1 cal em tions are used in obtaining temper 
min is condueted into the moon, show- of other planets or other regions 
ing that it is a very poor conductor. moon the results may be considet 
Therefore the solar radiation effeetive in hav ing been obtained by a comparis 
warming the lunar surface and that the measured radiation with that 
which must be radiated from it is 1.61 the subsolar point on the moon 
cal em? min“, which is equivalent to a ing to it the temperature deduced 
temperature of 101° C. The tempera- the amount of incident solar rad 
therefore, 17° C. in exeess of that theo corrected for losses which hav 
ture obtained from direct measures is, determined by direet observatior 
retically possible from a consideration the thermocouple. The effect of 
of the quantity of solar radiation avail corrections is to lower the mea 
able to heat the moon. temperatures of Mercury about 4 


Of the various explanations of this Venus 9°, Mars 10° and the moon 17 
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Measurements made on the dark side 


the moon vave 153° C. for its tem to a maxin 
erature. This is SO low that consider proximate 
ble observing will be necessary to deter- te angular 
nine it accurately, for the lower limit of | te subso 
. the othe 
emperature which we can detect is a 
- ‘ ‘) , hie iced ! 
ittle less than 173° ( I the m 
aT . . . : uted rol 
The variation of radiation and tem pu 
. . mean Va 
erature over the sunlit side of the moon 
° ° ' tween tl 
is obtained by allowing the image of 
. . maria al 
e full moon to transit the thermo ; 
‘ than the 
ouple while a moving photographic lig 
difference 
plate traced the resulting galvanometer T) 


eflections called drift curves. Drift 


a point ne 


‘urves In a north and south direction 
determined 


vere obtained by driving the thermo ; 
: shown by ine labeled 


‘ouple with a motor The planetary eae 


Equator’ 


teat was found to vary from a practi 


what has bee) 
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DIURNAL VARIATION IN TEMPER 


\MLIOON 


the temperature rises from that of liquid 
air at sunrise to the boiling-point of 
water at lunar noon, returns as the sun 
becomes lower in the lunar sky and 
hovers near that of liquid air during the 
next fortnight. The line labeled ‘* Earth, 
Tropies’’ is the diurnal variation in 
temperature for a point near the earth’s 
equator, Zamboanga, Philippine Islands 
lat. 6° 54° N). The contrast in tem- 
perature range is very striking. The 
graph for Mars was obtained from drift 
curves on the planet which we took at 
the oppositions of 1924 and 1926, and 
they were reduced in the same manner 
as those for the moon deseribed here. 
The curve shows that the maximum tem- 
perature comes near noon and that the 
fall in temperature is very large as the 
sun approaches the Martian horizon, in- 
dicating a very dry atmosphere. An 
interesting feature of this curve is the 
large range of 27° C. in the noon tem- 


perature between perihelion and aphe- 


AND 


MARS COMPA 


lion ealeulated fre 
the planet ’s orbit 
earth this effect would ame 
one degree and would be 1 
other climatie variables 

The changes in temperat 
take place during a lunar e 
investigated at the eclipse 
1927. <A point near the sout 


the moon was chosen for 


measurement since this point 


only 11° north of the cente 
umbra of the earth’s shadow 
point the duration of the 

2» 40", the partial phases being 
The temperature T, the energ 
ceived from the sun and E en 


the moon during the eclipse ar 


diagrammatically in Fig. 4 
point measured, the temperat 
from 342° K=69° C. to 175 
C. during the first partial p! 
tinued to drop to 156° K 


ly 


during totality and rose again 4 
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nearly the original temperature dur- trast to the 

the last partial phase. The deflec the solar ec] 
ms even toward the end of totality Washburn 
re between 2 and 3 mm and could be Colorado, w 
asured with precision by the methods tial phase 
ich we used serves 


From this eurve it ean be shown that of 


heat conductivity of the lunar crust tures 


s very low, probably on account of itso) 


rous or granular nature, and only two 


} 


bout 0.1 eal em-? min 2 per cent.) 0 o 
energy received at the subsolar observed 
is transmitted into the interior of | the presenc: 


moon. stituent 


The enormous change in temperature which gives 
t 186° C. observed in this iunar eclipse, large diurna 


greater part of which took place dur ture of Mars sho 


+} © ! 


the partial phase, is in strone con lack of 
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THE SPRING MEETING OF THE NATIONAL ACADEMY OF SCIENCES 





HE National Academy held itsannual Congressional charter oft! \ 
meeting in Washington during the last Academy \fte verforn Is 
veek in April; at the same time there services during the war the e as 
met in the national capital many other continued as an ageney of the det 
societies, groups and committees con The academy and the coun 
erned with scientific work. The char- jointly a beautiful marble bu 

of the academy, approved by Abra the Lincoln Memorial, completed six 


ham Lincoln on March 3, 1863, when the vears ago at a cost of one and 

country was in the midst of civil war, million dollars as the last 

requires the academy to ‘‘investigate, distinguished architect, Bertram Cros 
examine, experiment and report upon  venor Goodhu: 

any subject of science or art,’’ whenever When the National Acaden iS 
called upon by any department of the chartered the number of members 
vovernment. This duty of the academ\ limited to fifty but this restriction vas 
has in large measure been taken over by removed by the Congress in 1870 \ 
the scientific bureaus of the government cording to its present rules fifteen ne 
since organized, but when war became members may be elected each veat 
imminent in 1916 there was established total membership having been limited to 
at the request of Woodrow Wilson the 250 until this vear when the upper limit 


National Research Council under the was made 300 The Roval Society elects 
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PROFESSOR OF ASTRONOMY, UNIVERSITY OF PROFESSOR OF ELECTRICAL EN 
VARD UNIVERSITY. 
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v in selentifice 
States the selection 
Photographs are 
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high distinction. 


of those elected with 
W. Alexander, profes- 


Univer 


presented 
eption of Dr. J. 
of 
and Dr. Eugene 
chemist, Geophysical 
negie Institution of Washington. 

The distribution of the 
the academy among the different states 
in 


Princeton 
T. Allen, research 


Laboratory . Car 


mathematies, 


sor 
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sitv, 


members of 


and institutions gives a measure of 
n research and appreciation of 
It will be 


members 


terest 1 
the work of leaders in science. 
noted that of the fifteen new 
three are connected with the California 
Institute of Technology at Pasadena. 
There were already at the institute six 
members, including Dr. T. H. Morgan, 
the president of the academy, and Dr. 
t. A. Millikan, the secretary. 
TI 


foreign 
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F. G. KEYES, Pxu.D. (BROWN ’09 
HEAD OF THE DEPARTMENT OF CHEMISTRY, G. P, CLINTON, Sc.D. (HARVARD 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY. BOTANIST, CONNECTICUT AGRICUL s 








VERNON KELLOGG, M.S. A. . STURTEVANT, 
(KANSAS, ’92) COLUMBIA 714 

PERMANENT SECRETARY, NATIONAL RESEARCH PROFESSOR OF GENETICS, CALIFOR? 
COUNCIL. or TECHNOLOGY. 
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SIR 


THE AWARD OF THE FRANKLIN MEDAL TO SIR WILLIAM BRAGG AND 


WILLIAM 


BRAGG 


DR. JOHN F. STEVENS 


Insull, of Chi- 
Franklin Institute a 
certain the the 
Franklin Medal to be awarded from time 
to time in recognition of the total con- 


In 1913 Mr 
Fave to 


Samuel 
the 
sum for 


cavo, 


founding of 


tributions of individuals to science or to 
the applications of physical science to 
industry. The medal is of gold, having 


on one side a medallion of Benjamin 


Franklin done from the Thomas Sully 


portrait, the original of which is in the 


possession of the institute. 
This vear two medals were awarded 


one to Dr. John F. Stevens in reecogni- 


tion of his unifying solutions of 
varying and difficult engineering 
lems met in the planning of tl 
Panama Canal, of the marked 
shown by him in the organizati 
engineering forces which later | 
eanal and of his eminent success 
location, construction and adn 
tion of railroads in this country 
foreign lands; the other to Sir \ 
Bragg in recognition of a life \ 
the study of X-rays and radioact 
the 


mental 


made 
that ré 


eourse of which he 


eontributions to 
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DR. JOHN F. STEVENS 


physies, of his development of a method Pacific 
determining molecular and erystal New York 

structure by the reflection of X-rays and — His list 

of his fruitful guidance of the Davy a long on 


araday Research Laboratory and of the Service Meda 


F 
R 


val Institution of Great Britain. is an officer of 

Dr. Stevens was born at West Gardi France In 1925 

ner, Maine, in 1853. His first engineer- Jolin Fritz Medal 

ing experience was with a firm of engi American engineers 

neers in Lewiston, but he was soon their number 

drawn to the West. From 1874 to al A few of his splendid achievements 
most the present time he has been asso- are as follows. Early in 1889 he entered 
elated with many American railroads, the service of the Great Northern Rai 

among which may be mentioned the way and was assigned the task of locat 
Denver and Rio Grande; the Chicago, ing its line over the Rocky Mountains 
Milwaukee and St. Paul: the Canadian This he did w he diseovered § the 





ait 


Marios Pass, which has the lowest grades 
in the northern United States and is the 
from the 
of the Mississippi to Portland and Puget 
Sound. 


In 1905 Dr. Stevens was called by our 


straightest route head waters 


rovernment to take charge of the work 
He 


spent eighteen months in the Canal Zone 


of constructing the Panama Canal. 


as chief engineer; he brought order out 
of chaos, planned all the details of con- 
struction and organization and started 
the vast machine going with a contented 
and healthy army of 30,000 men. 

Sir William Bragg was born at Wig- 
ton, England, in 1862. 
education was obtained at Trinity Col- 
In he 
appointed professor of mathematies and 
Adelaide, 
Australia, and while there began his in- 
vestigations in the field of radioactivity. 
In 1909 
professor at Leeds University. 


His collegiate 


Cambridge. 1886 was 


lege, 
physics in the University of 
was appointed Cavendish 


In 1915 


physies 


he 


he became Quain professor of 
at the University of London, where he 
1923 to 
his present position as director of the 
Royal Institution of Great Britain, Ful- 
lerian of at the 
and of the 
Laboratory. 


remained until his eleetion in 


professor chemist ry 


Royal Institution director 


Davy-Faraday Research 


He is a fellow and a Rumford medalist 
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of the Royal Society. In 19] 
ceived the Nobel Prize for physies 
distinetion he shared with his s 
fessor W. Lawrence Brage 

Sir William’s extensive and \ 
studies have been in the modern a 


portant fields of radioactivity, X 


and erystal structure, in 
fundamental 


act, 
of such a nature t} 
name is a household word to all st 
in the exact sciences. 


In 


the determination of the 


radioactivity his experime 
ranges 
alpha particles from various radi 
substanees threw much light on t! 
chanics of ionization in gases and 
of of these ra’ 
matter. 
In the 


structure 


laws absorption 


of 


showed 


field X-rays and 
he that the 
faces of a crystal reflect X ravs a 
ing to the same laws that appl) 
dinary optical reflection, and he d 
Brage 


the formula known as the 


tion for space lattices. Using this 


tion and with 
numerous crystals by means of an 


spectrometer of his own desien | 


observations mad 


x 


mined the various distances betwee! 


atomic planes in these erystals a 
nature of the atoms in these planes 
this way he put erystallography 
exact and measurable foundatior 
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New Edition of a Medical Classic 


PATHFINDERS IN MEDICINE 


By 


VICTOR ROBINSON, M.D. 


fessor of History of Medicine, Temple University School of Medicine 
Council Member, History of Science Society. 





Contents 


. Galen 

. Aretaeus 
Rhazes 

. Paracelsus 

. Servetus 

. Vesalius 
Paré 

. Descartes 

. Malpighi 

. Hunter 

. Jenner 

. Cavendish 

. Scheele 

. Berzelius 
Guthrie 

. Laennec 

. Purkinje 

. Schleiden-Schwann 

. Henle 

. Darwin 
Simpson 

. Duchenne 

. Bernard 

. Hebra 

. Semmelweis 
Blackwell 
Pasteur 
Koch 

. Metchnikoff 
Pavloff 





In these 30 chapters, hun- 
dreds of historic characters 
appear in a vivid panorama 
of the development of medi- 


cine. 


A monumental work, con- 
taining considerable informa- 
tion and many illustrations 
hitherto unpublished. A sci- 
entific work written in a style 
that makes it literature of 
the first class. The most 
important of all contributions 


to the biography of medicine. 








Royal Octavo, over 800 pages text, illustrated with 150 full-page plates 


Price: Ten Dollars, postpaid 


PUBLISHED BY MEDICAL LIFE PRESS 


Devoted solely to the publication of periodicals and books on the History of Medicine 


12 MOUNT MORRIS PARK WEST 


NEW YORK, N. Y. 
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The Scientific Monthly 


An Illustrated Magazine Devoted to the Diffusion of Science 


J. McKEEN CATTELL, Editor 
WARE CATTELL, Associate Editor 
Published by THE SCIENCE PRESS 
LANCASTER, PA.—NEW YORE, N. Y., Grand Central Terminal—GARRISON, N. \ 
Single Number, 50 Cents Yearly Subscription, $: 
COPYRIGHT 1930 BY THE SCIENCE PRESS 


Entered as second-class matter at the post office at Lancaster, Pa., July 18, 1923, under the A 
March 3, 1879. 














New Impression Now Ready 


The Foundations of Science 
By H. POINCARE 
Pp. xi+553 


Containing the authorized English translation by George Bruce Halsted of ‘‘Science and 

Hypothesis,’’ ‘‘The Value of Science’’ and ‘‘Science and Method,’’ with a special 

preface by Poincaré, and an introduction by Josiah Royce. Price, postpaid, $5.00. 
THE SCIENCE PRESS 

Grand Central Terminal New York, N. Y. 














RECENT BOOKS OF SCIENTIFIC INTEREST 


The Evolution of Earth and Man. Edited by , The Terminology of Physical Science. 
GerorGE A. BaITSELL. 487 pp. Illustrated. $5.00. | Rotter. 115 pp. $1.00. University of Okla 
Yale University Press. Press. 


Written by a group of scientists internationally A study of many specific difficulties in s 
known for their scholastic attainments. With great matter encountered by teachers of the phys 
completeness the authors present the scientific ences. It contains a glossary of faulty ter 
wr relative to the origin of the earth, the | jists of common prefixes and suffixes, wit! 
origin of life, the origin of man, and discuss evolu- meanings; of terms often mispronounced or 
tion from all three sources. spelled, and of simpler spellings and abbrey 


The Great Apes: A Study of Anthropoid Life. Human History. G. Euiior Smits. » 
Rospert M. YERKES and Apa W. YERKES. 660 pp. | pp. Illustrated. $5.00. W. W. Norton 
Illustrated. $10.00. Yale University Press. pany. 


A comprehensive, systematic and fully documented The study of man combined with the « 
historical account of the discovery, natural history, nature to produce the story of man’s cultur 
behavior and mentality of the anthropoid apes. En- opment. The purpose of the book is to s 
dorsed by scientists as one of the most significant the motives that have shaped man’s career 
contributions ever made to scientific study and in- ail attention to the vital factors which | 
vestigation. The bibliography is complete to the | enced human behavior. 


year 1928. 

RSG RK ; o A Guide to the Winter Birds of the Norm 
New Frontiers of Physics. Paut R. Heyu. vii+ eens 4 u ig 
170 pp. Illustrated. $2.00. D. Appleton & Com- lina Sandhills. Mitton P. SKINNER a 
pany. 

Dr. Heyl, a frequent contributor to THe SCIENTIFIC A book primarily for people who are, or 
MonTHLY, relates for the reader without special to become, interested in birds rather than ! 
scientific training the recent developments of modern tists. Technical terms are avoided so far 

hysics. This volume is one in the Appleton New sible, but care has been taken to make ev: 
World of Science Series edited by Watson Davis. ' ment scientifically accurate. 


WARREN ACHORN. 295 pp. $4.00. Scier 
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Recent McGraw-Hill Books 


Edwards, Frary and Jeffries——The Aluminum In- 
dustry 


By Junius D. Edwards, Assistant Director of Research, Francis C. Frary, Dir 
of Research, and Zay Jeffries, Consulting Metallurgist, Aluminum Company 
America, with the collaboration of a group of experts from the staff of n 
Company of America. 

Chemical Engines ring Series. 

Volume I. Aluminum and Its Production. 558 pages, 6x9, 63 illustrations. 

Volume II. Aluminum Products and Their Fabrication. 870 pages, 6x9, 344 
illustrations. 

Two volumes (not sold separate ly per set. $12.00 











° 9 . 
Belling’s—The Use of the Microscope 
By John Belling, Cytologist, Carnegie Institution of Washingto1 McGraw-H 
Publications in the Agricultural and Botanical Sciences. 315 pages, 6x9, 28 illus 
trations. $4.00 
A handbook for routine and research work on the correct f the micr 
scope. 


Pauling and Goudsmit’s—The Structure of Line 


Spectra 


By Linus Pauling, Associate Professor of Theor 
stitute of Technology, and Samuel Goudsmit, Associat« 
Physics, University of Michigan. International S¢ 
6x9, 68 illustrations. 

A theoretical discussion of the structure of line spectra 
able vector model of the atom combined with tl 
chanics. 


Robinson’s—Elements of Fractional Distillation 
New Second Edition 


By Clark S. Robinson, Associate Professor of Chemica! Engineering, Massachusetts 
Institute of Te: hnology. International he 255 pages, 5'x8, 61 


illustrations. $3.00 
A thorough revision of a book that « 


tillation simply and accurately, according t 
and chemical engineering 


Zeleny’s—Elements of mlectricity 


B Vv Anthony Zeleny, Professor of Physics, U2 < f esot 438 pages, 
5, 2 x8, 266 illustrations. $3.00 


A text for a first course in electric 
of enough practical information to meet tl 
students. In selection of material and 
many distinctive “€ atures. 


See these on approval 


McGraw-Hill Book Company, Inc 


Penn Terminal Building 
370 Seventh Avenue New York 
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Ne w Work 


A TEXT-BOOK OF 


ECONOMIC ZOOLOGY 


By Z. P. METCALF, D.Sc. 


Professor of Zodlogy in the North Carolina State College, Raleigh, North Car 


99”7 


Octavo, 392 pages, Illustrated with 237 engravings. Cloth, $4.00, net 








CONTENTS 


. The Mammals and their Economic X. The Mollusca and the Shell-fis 
Importance. Industry. 
. The Birds in Relation to Man. XI. The Echinoderms. 
. The Reptilia. XII. Phylum Nemathelminthes 
’. The Amphibia. XIII. The Flat Worms and Import 
Animal Parasites. 
XIV. Animals of Uncertain Relatior 
vig . ; ship or of Little Economic I 
. The Spiders, Scorpions, Ticks, portance. 
Mites, ete. 


. The Fishes and the Fish Industry. 
The Arthropoda in General. 


XV. The Sponges and Sponge Fishing 
. The Insects in Relation to Man. XVI. The Protozoa and Protozoal Dis 
X. The Segmented Worms. eases. 





HE relation of animals to man is very complex. It involves such di\ 
elements as the animals that are used as beasts of burden: that furnish f{ 


and clothing; that are injurious to man himself, to his crops or his domest 


animals. It also involves man’s relation to the wild animals that live about | 
whether the appeal is the spirit of the chase or the appreciation of the estheti 
nature. 


ROM the standpoint of general zodlogy, many animals may be much n 
interesting than those which cause disease or furnish food; but from n 
standpoint the latter are vastly more important. This text-book furnishes n 
rial for teaching the fundamental principles of zodlogy from this standpoint 


begins its discussion with the more familiar forms of animal life and leaves ' 


least familiar until the last, thus proceeding from the known to the unk: 
Throughout, stress has been placed on economic importance and the vai 
phases of natural history rather than on morphology. 
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THE SCIENCE PRESS 
PRINTING COMPANY 


The Science Press Printing Company 
has been established and equipped for 
printing scientific literature in the best 
way, with compositors, pressmen and 
proof-readers trained for technical work. 
It is a business corporation but it has 
been founded to provide facilities essen- 
tial for the advancement of science. 

The corporation owns its building at 
Lancaster, Pennsylvania, over 14,000 
square feet of floor space lighted on all 
sides, with space for printing a hundred 
scientific journals. It has the best ob- 
tainable presses, composing machinery 
and binding equipment. What is more im- 
portant, it has the most competent press- 
men and compositors in a city which 
since “Science” was first printed there 
in 1894 has become a center for fine 
scientific printing. The costs are only 
about three fourths as much as in the 
large cities. 

Those authors who have read proofs 
will know the correctness of the compo- 
sition, including the technical scientific 
terminology. A distinguished scientific 
man wrote recently to the editor of “Sci- 
ence”: “I corrected my first proof a year 
before you were born and the one I re- 
turned yesterday was the first one in my 
long experience that needed no correc- 
tion.” 

The press prints “The Scientific 
Monthly,” “Science,” “School and So- 
ciety,” “The American Naturalist” and 
some twenty other scientific journals and 
publications. The typography and press- 
work of these journals will bear com- 
parison with any weekly or monthly pub- 
lication, although, for example, “Science” 
must be printed mostly in one day in an 
edition of over 13,000. The new edition 
of “ The Biographical Directory of Amer- 
ican Men of Science” is an example of 
the work of the press. It can to special 
advantage print scientific monographs 
and doctorate dissertations. 

Correspondence should be addressed to 
the secretary, Jaques Cattell, The Science 
Press Printing Company, Lancaster, Pa. 
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Scientific 


Books 


THE MATERIALS OF LIFE 
By T. R. Parsons 


Author of The Fundamenta 
Biochemistry 
The first general presentation 
chemistry, explaining the action 
mins, gland secretions, violet rays, |! 
( hemistry Selected by the Scientit 
Club for May. Illus. $3.00 


HEAVEN AND EARTH 
A MODERN ASTRONOMY 
By Oswald Thomas 
Former Chief, I nia Observatory, Vienna 
As modern as Planet x. this book is as 
delightful to read as it is accurate and in 
formative. 28 illus. $2.75. 


THE BIOLOGICAL BASIS 


OF HUMAN NATURE 
By H. S. Jennings 
Professor of Zoology, Johns Hoph n 
Univers ty 
The Scientific Book Club Selection for 
April, enthusiastically recommended by 
such scientific leaders as E. G. Conklin and 
Vernon Kellogg. 51 illus. $4.00. 


THE 


SCEPTICAL BIOLOGIST 
By Joseph Needham 


A distinguished scientist reconciles mech 
anism with religion and philosophy 


£3 00 


W. W. NORTON 
& CO., INC. 


70 Fifth Ave. 
New York 
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CONTEMPORARY BIOGRAPHIES 


in the 


NATIONAL CYCLOPEDIA OF AMERICAN BIOGRAPH\ 


Current Volumes A-B-C (Living) 


A collection of over 2,500 biographies of America’s leading Statesmen, Educators, s: 
tists, Churchmen, Authors and Industrialists. 


500 to 3000 words in length. Real life stories with full details of the individ 
life-work and achievements, these biographies make accessible an im 
amount of general information not obtained elsewhere. 


Cumulative Index, both topical and general. 


$15.00 a copy—send for a volume on approval. 


JAMES T. WHITE & CO., Publishers 


70 Fifth Avenue 











Publishers: G. E. STECHERT & CO., New York—DAVID NUTT, London—FELIX ALCAN, Paris 
AKAD. VERLAGSGESELLSCHAFT, Leipzig—NICOLA ZANICHELLI, Bologna—RUIZ HER 
MANOS, Madrid—RENASCENCA PORTUGUESA, Porto—THE MARUZEN COMPANY, Tokyo 


“ 99 INTERNATIONAL REVIEW OF SCIENTIFIC SYNTHESIS 
Published every month (each number containing 100 to 120 } 
Editor: EUGENIO RIGNANO 


Is THE ONLY REVIEW the contributors to which are really international. 

IS THE ONLY REVIEW that has a really world-wide circulation. 

IS THE ONLY REVIEW of scientific synthesis and unification that deals with the { 
mental questions of all sciences: the history of the sciences, mathematics, astro! 
geology, physics, chemistry, biology, psychology and sociology. 

IS THE ONLY REVIEW that by means of enquiries among the most eminent s 
and authors of all countries (On the philosophical principles of the various scie? 
the most fundamental astronomical and physical questions of current interest; ( 
contribution that the different countries have given to the development of various ! 
of knowledge; On the more important biological questions; On the great economi 
sociological international questions), studies all the main problems discussed 
lectual circles all over the world, and represents at the same time the first a 
an international organization of philosophical and scientific progress. 

Is THE ONLY REVIEW that among its contributors can boast of the most illus? 
men of science in the whole world. A list of more than 350 of these is given 
number. 

The articles are published in the language of their author, and every number has a s 
ment containing the French translation of all the articles that are not French. The! 
is thus completely accessible to those who know only French. (Write for a free « 
the General Secretary of ‘‘Scientia,’’ Milan, sending 12 cents in stamps of your 
try, merely to cover packing and postage.) 

SUBSCRIPTION: $10, post free OFFICE: Via A. De Togni Milan (1 

General Secretary: Dr. PAOLO BONETTI 
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Astronomical Telescope 


The instrument illustrated is 
stand type of first quality 


mechanical construction 


It reveals certain details of t 
its geography, craters, seas, mo 
ete. It also reveals the planets, 
ing Saturn and its ring formatio 


the phases of Venus 


Catalog no. 5864 5866 5868 
Dia. of obj. lens 15%” 2” 2% 
Length closed 15%," 24” 30 
Length extended 294," 34” 42 
Magnification astronomical 50X 60x 80x 
Magnification terrestrial 25x 35X 45x 
Price $35.00 $45.00 $70.00 


PALS COMPANY 


Apparatus for Industrial and Laboratory Use 
153 West 23rd St. NEW YORK, N. Y 








Our telescope catalog describes many other 
types of telescopes up to 414”, Write for 
your copy. 




















Alimentary Anaphylaxis 


Gastro-intestinal Food Allergy 


By LarocHE—RICHET—SAINT GIRONS 


TRANSLATED BY Row! 


English transiation of the first extended monograph on gastrointestinal 
food allergy. A foreword by Proressor CHarLes Ricuet; comments writ 
ten by the authors within the past few months and here printed as foot 
notes; and a preface by ALBerT H. Rowe, M.D., together with the original 
text, combine to present a most interesting record of experimental and 
clinieal observations and theoretical considerations. A long bibliography 
of the French literature is included, which should be of especial interest to 
immunologists, internists, and pediatricians who continually confront the 
problems of food allergy. 


Attractive in content and form 
Bound in cloth, postpaid $2.00 


University of California Press 


Berkeley, California 
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Post Office Pattern 
WHEATSTONE BRIDGE 


For College Laboratories 


This bridge uses the post-office arrangement of resis 
tance coils—the arrangement which is described in most 
elementary texts and laboratory manuals. As an addi 
tional help to students, the internal connections of the 
instrument are diagrammed in white on the top plate. 
For these two reasons, the bridge is exceedingly popular 
in college laboratories. 


The rheostat has 16 coils, with a range of 1 to 11,110 
ohms, variable in steps of 1 ohm. The ratio arms havé 
2 coils each of 1, 10, 100, 1000 ohms. The limits of error 
of rheostat and ratio coils are 0.1 percent and 0.05 per 
cent, respectively. 

The coils are wound on metal spools which are soldered 
to metal rods, and the rods are deeply seated in the plug 
blocks. This arrangement enables each coil in the rheo 
stat to dissipate 1 watt and each in the ratio to dissipate 
0.5 watt. 

A battery key and a galvanometer key are mounted in 
the instrument. The top plate is hard rubber and the 
box is mahogany. The bridge is shown one-fifth actual size. 

4250 POST OFFICE PATTERN WHEATSTONE BRIDGE. . . $60.00 


Write For Catalog M-40 


LEEDS & NORTHRUP COMPANY 


4901 STENTON AVENUE PHILADELPHIA, PA. 


LEEDS & NORTHRUP 


Electrical] Measuring Instruments Hump and Homo Heat Treating Furnaces 
Potentiometer Pyrometers Automatic Combustion Control 
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Precision 
Built » » 


PRODUCT of the famed 
B&L skill in design and 
manufacture the model 


AKW Microscope is one 


of the most valuable “all 
around’ microscopes ever 
produced. 


Its uses are legion for its extremely wide fieid, long working 
distance and stereoscopic effect adapt it equally well for the work 
of the botanist, the biologist, the bacteriologist, the chemist, and 
in many branches of industry. Image is not inverted or reversed. 
The drum nosepiece permits change of magnification with but 
slight adjustment of focus. 


Starting in Bausch & Lomb’s own optical glass plant, the largest 
in America, every operation in the manufacture of the AKW is 
controlled by experts working to the most exact standards of 
precision. 

Write for catalog D-15 


BAUSCH & LOMB OPTICAL CO. 


643 St. Paul Street Rochester, N. Y. cauiie vanes Tansee 


OPTical SCIENCE 





BAUSCH 
= LOMB 

















a : 
MAKERS OF ORTHOGON EYEGLASS LENSES FOR BETTER V 
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HUMAN BIOLOGY 


AND 


RACIAL WELFARE 


Edited by EDMUND V. COWDRY, Prd 


Professor of Cytology, Washington University, St. Louis 


Introduction by EDWIN R. EMBREE 


President of the Julius Rosenwald Fund, Chicago 


SCIENTIFIC BOOK CLUB REVIEW (APRIL, 1930) SAYS: 


“The Business Management highly recommends the book. It is barred ft 
consideration by the Editorial Committee as it includes, among its distinguishe 
contributors, Prof. Conklin, of Princeton Univ. a member of that Committe: 

“The editor of this volume on Human Biology has been a leader in promoting . . . cooperat 
authorship and he, as well as the general public, is to be congratulated upon his success in havi 


assembled in one book such a variety of valuable essays on the past, present, and future of « 
human race, by some of the leading scientists and philosophers of the day. 


“The biology, psychology, and sociology of man were outlined by the editor, and leading sp: 
cialists in each subdivision were secured, each to write upon his own specialty. The result is a book 
of diverse and rather scattered content but of surpassing value and importance. . . . In this ag 
specialization all thoughtful persons feel the need for some guide to help them orient thems 
with regard to the most important problems in the world for human beings— namely the ori; 
nature and destiny of man. For such persons no more valuable book could be found than Hu 


Biology and Racial Welfare.” 
The Twenty-eight Contributors 


WALTER B. CANNON WILLIAM HEALY RAYMOND PEARL 
ALEXIS CARREL ALES HRDLICKA EARLE B. PHELPS 
EDMUND V. COWDRY ELLSWORTH HUNTINGTON SIR HUMPHRY ROLLESTON 
EDWIN GRANT CONKLIN paul A. LEWIS HENRY NORRIS RUSSEL! 
poser a ARCHIBALD B. MACALLUM IR CHAS. S. SHERRINGTON 
JOHN DEWEY ELMER V. McCOLLUM WILLIAM M. WHEELER 
HAVEN EMERSON ROBERT A. MILLIKAN CLARK WISSLER 

JOHN F. FULTON GEORGE H. PARKER ROBERT M. YERKES 


WILLIAM KING GREGORY HARRY A. OVERSTREET HANS ZINSSER 


8vo, 636 Pages, Illustrated - - $6.00 net 
Send for Complete Catalogue and Circulars 


PAUL B» HOEBER ¢ I~» PUBLISHERS 


76 FIFTH AVENUE ’ NEW YORK, N.Y. 
Publishers of Annals of Medical History; The American Journal of Surgery, etc 

















Gg 





THE SCIENTIFIC MONTHLY) {1DVERTISEMENTS 





— 


Check List of Important Reference Books 


1 RECENT ADVANCES IN CHEMISTRY IN RELATION TO MEDI- 
* CAL PRACTICE. 


By W. McKim Marriott, B.S.. M.D., Dean and Professor of Pediatrics, Washingt 
University School of Medicine. A series of lectures covering Fundamental! Chen 

Considerations, Acidosis and Alkalosis, Chemistry of Blood, Foods, Metabolism, E: 
erines, etc. 141 pages, illustrated. Cloth, $2.50. 


Q. Pettibone’s Textbook of PHYSIOLOGICAL CHEMISTRY. 


Revised and rewritten by J. F. McClendon, Ph.D., Professor of Physiological Chemistr) 
in Med. Dept. of University of Minnesota. 404 pages, illustrated. 4th edition. Cloth, 
$3.75. Covers as briefly as possible in a brief but adequate manner the general pla 
of physiological chemistry for student or physician. 


3. TEXTBOOK OF PHYSIOLOGY. 


By Wm. D. Zoethout, Ph.D., Professor of Physiology in Chicago Normal S of 
Physical Education, ete. 3rd Edition. 664 pages, 198 illustrations. Oloth, $4.50 
Fills the gap between the larger texts and those offering a briefer course of phys r 

Highly recommended and widely used in college. 


4. PERSONAL AND COMMUNITY HEALTH. 
By Clair E. Turner, M.A., Dr.P.H., Professor of Biology and Public Health, Mass 


stitute of Technology, etc. 3rd Edition. 426 pages, 60 illustrations. Cloth, $2.! 
Fills a real need as a textbook on personal and community health for student at w 


versity, college, normal, or professional school. 





5. PHARMACEUTICAL CHEMISTRY. 


By John C. Krantz, Jr., Ph.D., Director of Pharmaceutical Research, Sharp and D 
Baltimore. 281 pages, 25 illustrations. Cloth, $3.50. An outstanding work or 
ceutical chemistry embracing certain special topics of analytical organic and phys 
chemistry as they are related to pharmacy. 


6. HANDBOOK OF PHARMACOGNOSY. 


By O. A. Wall, M.D., Ph.G. New ith edition revised by Leo Suppan, Ph.G., B.Sc., 
Prof. of Botany and Pharmacognosy, St. L. College of Pharmacy. 472 pages, 407 
illustrations. Cloth, $5.00. A standard work giving the name, origin, habitat, descriy 
tion, constituents, uses and doses of drugs derived from the vegetable and ar king 
dom in their crude form. 


( # PRINCIPLES OF CHEMISTRY. 


By Joseph H. Roe, Ph.D., Professor of Chemistry, George Washington 
cal School, ete. 2nd Edition. 390 pages, illustrated. Cloth, $2.50. 

text on inorganic, organic and physiological chemistry for students of 
and applied chemistry. 


ies 


Use this coupon and order by number. We shall 
be glad to forward books with bill immediately. 


THE C. V. MOSBY COMPANY—Publishers—3523 Pine Blvd., St. Louis. 


You may send me books in this advertisement in THE SCIENTIFI( Mo» 
bill. Nos. 


Name Addr 
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HOTEL FRASCATI 


BERMUDA 


SUPERB LOCATION 
BATHING OFF THE VERANDAH 
CLOSE TO ALL POINTS OF INTEREST 
ACKNOWLEDGED TO SERVE THE BEST MEALS ON THE ISLAND 
COURTEOUS SERVICE AND GENUINE HOSPITALITY 
FREE CARRIAGE SERVICE TO AND FROM HAMILTON 


Management 


GEORGE A. BUTZ 


Full information, illustrated booklet, ete.. can also be obtained fron 
New York Office 


Bermuda Hotels Associated, Inc., 250 West 57th Street 
Telephone Columbus oo12 





NOW OPEN 


os 
@VERNC OR CGINTON 


Opposite Penn. R. R. Station 
New York’s new hotel truly expressive of 
the greatest city. 1200 = Aaon_w rooms 
each with Servidor, bath, circulating 
ice water and radio provisions. 


ROOMS 





3 Ss 
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Complete Equipment for 


Explorers, Scientists, Engineers, 
Hunters and Travelers 


We have The only 
Equipped house 
many | in the 
Expedi- » ws. 
tions | where 
From every 
the Poles item 
to the | may be 
Equator obtained 


Gurley’s Transits, Levels, Current Meters; Paulin Altimeters; Binoculars, 
Microscopes, Cameras, Motion Picture Outfits; Tents and Camp Requi- 
sites; Sleeping Bags; Saddlery; Outdoor Clothing for every climate; Boats; 
Arms and Ammunition, etc. 


We have recently equipped two expeditions for Greenland, one for 
Persia and others for Venezuela, Peru, Bolivia, and Brazil. Some of 
these exploring parties we equipped with practically everything they 
needed from engineering instruments to rifles, ammunition and food 
Our tents, made of Equatorial Waterproof Cloth, have stood the sun 
of the tropics and the freezing blasts of the Polar regions 


Let us furnish estimates—write us your wants. 


Catalogs and Testimonial Letters on request 


ANTHONY FIALA 4..WARREN STREET 


** Look for the sign of the Polar Bear” 
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PHOTOGRAPHS 
and Precious Pictures 
Copied— 
Renewed— 
Enlarged 


By Bachrach 


Have you some family snapshots, 
tintypes, or old photographs!— 
Are they faded, torn, soiled, or 
scratched? What would you not 
give to have that cherished picture 
of a dear relative or friend—splen- 
didly restored—or enlarged — or 
wearing modern clothes? It makes 
a wonderful gift or keepsake! 
Telephone or visit the nearest 
Bachrach Studio—or send for 
RESTORATION BOOKLET free. 


Bachrach 
Photographs of Distinction 
507 Fifth Avenue 
Vanderbilt 7400 


Studios in 46 principal cities east of Chicago 








TOF 
<t® re 
+ 





BIOLOGICAL AND NATURAL 
HISTORY MATERIAL 
Zoological Groups 
Embryological Slides 
Botanical Life Histor 
Drosophila Cultur: 
Lamprey larvae (Ammc 
Prices on demand 
Catalogs on request: A 


Geo. M. Gray, Curator 
Supply Department 


- 


Marine Biological Laboratory 
Woods Hole, Mass., U. 8S. A. 

















FINE SHELLS 


I have in stock without question the larges 
assortment of fine shells in this country 
properly classified. Will furnish collect 
of any size up to 20,000 species at moderat 
prices. Correspondence solicited. Will 


_ Classify old collections, bring them up to d 


adding any species that may be desired ¢ 
make them of use for study or teaching 
at modest rates. Have specialized in sh: 
for thirty years, and own complete working 
library. Free booklet on request. 


WALTER F. WEBB 


202 Westminster Road Rochester, N. ¥ 





ENJOY THE BEST! Modern, scientific 
equipment and management make 


it possible for you to enjoy the best 
in New York at the Hotel Lincoln. 


1400 Rooms 


NEW YORK’S NEW 


HOTEL 


33-5 one 


Telephone Lackawanna 1400 


Each with Bath 
and Shower 


$4.7 fe 


LINCOLN 


Eighth Avenue, 44th, 45th Streets, Times Square 
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The usual double-edge blade in a new super- 


ervice. STAINLESS STEEL EDGES that de- 





eat Corrosion (the arch enemy of keen edges 
nd that have particularly long life when stropped 
t intervals. 

Fits the double-edge razor that 

you have been accustomed to. 


Busy Men are Looking 
for Better Shaving Service 


Watts Stainless Steel edges mean: 


1. Keen edges, and longer lasting keen edges. 
* Wenderful stropping qualities for long and effective service 
Leaving blade wet when in a particular hurry does not destroy 
for the next shave. 
Your face need no longer be used as a “ Proving Ground” for the elimination of poor bl: ade s 
You need never lack a keen edge with this real advance in blade manufa 


have not a good stropper the Watts Spiro Sharpening Machin 
these long enduring edges. 
The price indicates their value. Their use proves it. 
10 of these Stainless Steel edged blades, in a nickel-clip container, 
insured, and satisfaction guaranteed. 
(The Watts Spiro Sharpening Machine $7.50 extra.) 
Fu rthe r pa { culars pon 
E. C. CHESWELL 
Melrose Highlands (77), Mass 
U. S. A. Distributor fer Messrs. John Watts, Sheffield, England 


(Established over 150 years.) 
Manufacturers of the new “ WATTS SERVICE” Razor with the stainless steel blade 


these edges They are keen 


$2.50 post paid, 














. S. ENGINEERS’ COMPASS 
FOR THE For Hunte -rs—Travelers—E ngnese rs 


BIOLOGICAL SCIENCES ~£ 5 his 


worth many times its cost 
For scientific purposes it is 


Models instrument with sighting 
Skeletons — F ae fl ene a | 
Lantern Slides pestunity te buy a fn 
Display Material coms ioe OF 1. 
Preserved Material : ae 
Naturalists’ Supplies a te 
Stains and Chemicals U. S. Engineers 
Museum Preparations Com pani Rail 
Laboratory Glassware roads, Highy _— 
Bird Skins and Mounts sat , 
Dissecting Instruments 
Bacteriological Reagents ; st vat. hogy Ay 
Microscope Slide Preparations bps lecaing, came ec tour. Met “ied ® 
Charts, Botanical and Zoological , ag nitary and ientifically correct 
Insect Life-histories and Collections can hed, sunned and aired 


Micro . Write for testimonials and prices. 
pes, Microtomes and Accessories P LIGHT—SMALL—POWERFUL 











Postpaid 





Mirakel * Daylux 


eighs only 10 ozs wide MIRAK a 


brilliar field of vision; BINOCULAR 
Prompt Guaranteed 8 power Binocular 


Servic Q lit Equalled by + w of twice 
ée uatlily the size ar 
Post paid ~ $35 


Zeiss Hensoldt Binoculars; Telescopes, 
Barometers; Sextants. Complete out- 


NEW YORK BIOLOGICAL SUPPLY CO. Write for complete catalog “a 
General Supplies for the Biological Sciences 


34 Union Square New York City AN T H O NY FIAL A ’ a 


47 Warren St. Just off City Hall Park New York City 
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PHOTOMICROGRAPHS 
are also possthle 


with the 


fretcey, CAMERA 


ERE is a camera so small that it actually 
fits the vest pocket or purse. Yet it is si 
mechanically and optically perfect that sci 
entists, explorers and engineers prefer it t 
cameras costing considerably more. It takes 
36 pictures on a single loading of inexpensiv: 
cinema film, each negative being of doubl: 
Probescis of Common House Fly frame size. Permits exposures of 1/20 t 
Magnified 75 Times. 1/500 of a second. The smallest roll film 
camera with focal plane shutter. 
Because of its highly corrected lens, the 
Leica can be used for photomicrographic 
work. This lens, the Elmar F: 3.5 Anastig 
mat, permits sufficient speed to work wit! 
reasonable rapidity under all light condi 
tions. It produces needle sharp negatives 
capable of enlargement to 12x18 inches o1 
more. And the positive film gives a remark 
ably clear screen reproduction for lecture and 
study purposes. 








See this remarkable camera at any good 
photographie supply store or write to us for 
catalog 1174. E. Leitz, Inc., Dept. F.F., 60 
East 10th Street, New York, N. Y. 





Photomicrograph of a Section of 
White Pine Board Magnified 
75 Times. 


The Leica fits Vest Pocket or Purse 
and Weighs Less Than One Pound 





E. Leitz, Inc., Dept. F.F. 
60 East 10th Street, New York, N. Y. 


Please send complete details about the Leica Camera 
and equipment needed for making photomicrographs. 


Name 


Address 




















THE INCREASING USE OF THE TELEPHONE REQUIRES THE 
ANNUALLY FOR EXTENSIONS AND IMPROVEMENTS 





EXPENDITURE OF HUNDRED 











It keeps faith with your needs 


An Advertisement of the American Telephone and Telegraph Company 


You have found a constantly growing use for the 
lephone. You have learned its value in business. 
You have found it helpful in keeping contact with 
family and friends. Its increasing use has given 
telephone its humanly important place in 
modern life and requires the expenditure of hun- 
ireds of millions annually for extensions and 
nprovements. 
In 1929 the Bell System’s additions, better- 
ts and replacements, with new manufactur- 
ing facilities, meant an expenditure of 633 million 
lars. During 1930 this total will be more than 
20 millions, 

Definite improvements in your service result 
from a program of this size and kind. They start 
with the average time required to put in 
your telephone—which in five years has 
been cut nearly in half. They range 


through the other branches of your service, even 
to calls for distant points 
few of them are now completed while you remain 
at the telephone. 


so that all but a very 


In order to give the most effective, as well as 


the most economical serv ice, the operation of the 
Bell System is carried on by 24 Associated Com- 
panies, each attuned to the part of the country 
it serves. 

The Bell Laboratories are constantly engaged in 
telephone research. The Western Electric Com- 
pany is manufacturing the precision equipment 
needed by the System. The staff of the American 
Telephone and Telegraph Company is developing 
better methods for the use of the operating com- 
panies. It is the aim of the Bell System 
continually to furnish a better telephone 
service for the nation. 
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PROPER EATING 


3 I A PUBLIC 
RESPONSIBILITY | 


Bae ee Oe 




















Fanues to select the proper food supply 

one generation will affect the happiness of the next. Not that appetite or intelligence is 

hereditary, but failure to balance the food supply properly may cause disease or catastror 
Neglect of the vitamines is unintelligent. Vitamine-B is essential to life. 


Scientists have shown that nursing-young require more Vitamine-B than others. Cows 
human milk are low in Vitamine-B. This is repeatedly shown in medical journals. 

It is a public responsibility to know this and to supply this Vitamine-B in one generation 
benefit of the next. 

Yeast Vitamine-Harris Tablets (rich in vitamines B, F and G) and Brewers’ Yeast (Harris) Pow 
prescribed by physicians for these purposes. 


THE Prepored by 


HARRIS LABORATORIES 
fi 
TUCKAHOE | heal NEW YORK 








LEN DARDS 





























PAN-AMERICAN | 
EXPOSITION: EXPOSITION: 
Eight Awards and Medals Gold Medal 
Our General Laboratory and Museum Supplies Include: 


Scientific Apparatus and Instruments, Chemicals, Anatomical Models, Osteological 
Preparations, Natural History Specimens and Preparations, Wall Charts, Mu- 
seum and Naturalists’ Supplies, Glass Jars, Microscopes and Accessories. 


Museum Cabinets (Yale Style) Biological and General Laboratory Supplies 


KNY-SCHEERER CORPORATION 


Dept. of Natural Science, 580 Fifth Avenue, 
G. Lagai, Ph.D. New York City 














